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ABSTRACT 


The primary purpose of this study was to determine the onset of 
metabolic acidosis and determine the relationship to the optimal speeds 
of walking and running in terms of sex and fitness. 

Forty volunteers of a variety of activity levels, 20 males and 20 
females were subjected to three testing sessions. In session one, each 
subject walked and ran on a motor driven treadmill at several speeds 
which served to reduce anxiety associated with the treadmill. In 
session two, the optimal speeds of walking and running on a level 
treadmill were subjectively determined. In addition, the steady state 
oxygen consumption at these speeds were determined during a six minute 
test. The percentage body fat was estimated by the hydrostatic method 
at the conclusion of this session. In session three, the determination 
of maximal oxygen consumption and the onset of metabolic acidosis, 
represented by the minimum of the ventilatory equivalent for oxygen, 
was determined with the assistance of a Beckman Metabolic Measurement 
Cart. The data collected was subsequently used to divide the forty 
subjects into four groups based upon sex and fitness which was 
represented by their percentage of maximal oxygen consumption at the 
onset of metabolic acidosis. 

The data of the four groups was subjected to statistical treatment 


of one and two-way analysis of variance. Significant measurements at 
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the 0.05 level of confidence were subjected to a Scheffe Test. 

The results indicated that: (1) There was no significant 
difference in the selection of an optimal speed of walking, or the 
relative oxygen consumption at that speed, in males and females of high 
and low fitness groups. (2) There was a Significant difference 
between high fit males and low fit females in the selection of an 
optimal speed of running. (3) The speed and relative oxygen 
consumption at the onset of metabolic acidosis was significantly higher 
in the high fitness groups than the low fitness groups. (4) The speed 
and relative oxygen consumption at the optimal speed of walking was 
significantly below the speed and relative oxygen consumption at the 
onset of metabolic acidosis. (és) The speed and relative oxygen 
consumption at the optimal speed of running was not significantly 
different from the speed and relative oxygen consumption at the mset 
of metabolic acidosis in the high fit males or high fit females. (6) 
The males' power output was significantly higher than the females’ 
power output. 

The proximity of optimal speeds of running and the onset of 
metabolic acidosis suggested that the most comfortable speed of running 
may be used as an effective training stimulus in high fit individuals 


only. 
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CHAPTER 1 


STATEMENT OF THE PROBLEM 


Introduction 

Clearly the concept of maximal oxgyen uptake (Vo, max) has 
received relatively general acceptance as the primary determinant of 
Cardiorespiratory endurance capacity (23). However, individuals with 
Similar maximal oxygen uptake values often performed quite dissimilar 
in an endurance event (16,56). Endurance athletes, as well, have 
continued to improve their performance in running events although 
maximal oxygen uptake had plateaued (87). These often reported 
findings suggest that measures other than maximal oxygen uptake, may he 
important determinants of endurance performance. 

One such measure that had recently received a great deal of atten- 
tion was the "Onset of Metabolic Acidosis" or "Anaerobic Threshold." 
Much of the initial research had been carried out by Wasserman (3,54, 
71,72) who defined the anaerobic threshold as the oxygen consumption or 
the work intensity at which there was a significant increase in lactic 
acid within the muscle when compared to its resting level. Various 
other researchers analyzed the phenomenon under other titles, such as, 
the "Onset of Plasma Lactate Accumulation" (OPLA) (32), the "Aerobic 
Threshold" (41), and the "Threshold of Anaerobic Metabolism" (\TAM) 
(69). The attractiveness of the measurement of this phenomenon was 
based upon: (a) Anaerobic Threshold (AT) values tend to be higher in 


endurance trained athletes compared to their sedentary counterparts 
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(21,44,60,77) or in other words, their onset of metabolic acidosis 
occurred at a larger fraction of Vo, max; (b) endurance athletes 
perform at some fraction of maximal oxygen consumption rather than 
max; tc) individuals with high anaerobic threshold values tend to 
show a greater glycogen sparing capacity (23,66); muscle glycogen 
depletion was a well recognized limitation to endurance performance 
(44,48,p.38). 

It has been suggested that endurance athletes perform at an oxygen 
consumption or workload intensity just below the anaerobic threshold 
(32,40). Such a performance pace would delay significant increase in 
lactic acid which has been shown to be a primary metabolic factor 
associated with the oneee of fatigue (2,p.77). A performance pace 
immediately below the onset of metabolic acidosis would optimize 
aerobic metabolism, and therefore, should enhance endurance 
performance. This should hold true regardless of the individual's 
level of training, optimal endurance pace would just proceed the mset 
of metabolic acidosis. 

Anaerobic threshold studies have noted that the lower limit of the 
anaerobic threshold for leg exercise of normal individuals, appeared to 
correspond to an oxygen consumption needed by the typical adult to walk 
on the level at a normal speed (approximately 4.0 kilometres per 
hour) (16,73). This implied that minimal exposure to exercise, merely 


walking at a comfortable pace during daily tasks, was a level beyond 
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which metabolic acidosis would have proceeded for these inactive 
individuals. 

There appeared to be an optimal speed of walking for each 
individual at which the energy expenditure per unit distance travelled 
was minimum (5,6,13,58,84,87,88). Usually this optimal speed was the 
freely chosen, comfortable speed for an individual, based om optimal 
step frequency and stride length. Since optimal speeds of walking have 
been reported to be in the same range as speeds for the onset of 
metabolic acidosis for sedentary individuals, it may be that this 
chosen speed. was metabolically most comfortable because it was 
immmediately below the threshold for metabolic acidosis. 

Several researchers have indirectly demonstrated that for subjects 
of higher cardiorespiratory endurance capacity (Vo, max Of approximate-—- 
ly 55 millilitres per kilogram per minute), the onset of metabolic 
acidosis was generally delayed to a higher intensity level, a treadmill 
speed between 12 and 14 kilometres per hour (41). Subjects with 
maximal oxygen consumptions of very large volumes (70 - 82 millilitres 
per kilogram per minute) exhibited a delayed onset of metabolic 
acidosis corresponding to treadmill speeds up to 17 or 18 kilometres 
per hour (16). 

Like the optimal speed of walking, an optimal speed of running had 
been postulated to be that at which the energy expenditure was minimum 


per unit distance travelled (5,49,50,62). As in the case of 
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walking, the freely chosen speed corresponded to the minimum energy 
expenditure speed, or optimal speed, due to an optimal stride length. 
Optimal running speed values in the literature have ranged from 7.8 to 
11.1 kilometres per hour for normal, and moderately active individuals 
respectively (5,50,51). Perhaps this optimal speed of running was 
concommitant with | a, threshold level foram onset. of lactate 
accumulation in the working muscles and blood. 

Possibly the cardiorespiratory fitness level, as exemplified by 
the traditional Yo, max, or the oxygen consumption at the anaerobic 
threshold may demonstrate a positive relationship with either an 
optimal speed of walking or running. A high anaerobic threshold would 
imply a greater delaying ability for the onset of metabolic acidosis to 
higher work intensities and, therefore, possibly a closer relationship 
to an optimal speed of running. Or conversely, low cardiorespiratory 
fitness represented by a low anaerobic threshold, and faster onset of 
metabolic acidosis, might demonstrate a closer relationship to minimal 
physical activity or an optimal speed of walking. 

The Problem 

If it could be demonstrated that an individual's anaerobic 
threshold level was closely related to either his or her optimal speed 
of walking or running, then, this would help explain metabolically 
the choice as an optimal speed. Should the relationship of the onset 
of metabolic acidosis with an individual's optimal speed of walking or 


running prove to be substantially high, perhaps then, an estimate of 
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anaerobic threshold values could be simplified to the determination of 
the subject's optimal speed of locomotion. 

Free fatty acids were the dominant source of fuel for contracting 
muscles at low workloads (below the anaerobic threshold) (55). The 
optimal exercise intensity prescription for the ar of excess 
adipose should, therefore, be at or near the inate icueits anaerobic 
threshold, since, beta oxidation of fatty acid fuels is optimized. If 
the optimal speed of locomotion, whether walking or running was shown 
to be below an intensity that would initiate the onset of metabolic 
acidosis, then, these optimal speeds could also serve as accurate 
intensity levels for the prescription of exercise for adipose 
reduction. 

Since the validity of the relative percent concept for equating 
training intensity based on the use of a percent of maximum heart rate 
aS an indicator of percentage maximal oxygen consumption has _ been 
questioned (40), perhaps a better method for equating the training 
stimulus between subjects might be to equate individuals based on the 
onset of the anaerobic threshold. If it should result that a 
dependable relationship exists between the oxygen consumption at the 
anaerobic threshold and running speed (at zero percent grade), then 
running speed could be used as the equating variable (40). 

The purpose of this study was to determine the onset of metabolic 
acidosis, in men and women, and examine its relationship to the optimal 


speeds of walking and running relative to varying fitness levels. 
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(6) 


LIMITATIONS OF THE STUDY 


Variation in the calibration of the metabolic cart and the 


treadmill speed between testing sessions. 


Walking and running speeds selected by each subject were in fact 


the optimal speed for that activity. 


All subjects were requested to avoid ingesting any food or 
nutrients for at least two hours prior to testing. The complete 
instructions to subjects are in Appendix B. The diet of subjects 
immediately prior to testing could have affected the metabolic 
cost of the activity measured due to the specific dynamic action 
of foodstuffs. 


All subjects were requested to avoid vigorous physical activity 
for at least two hours prior to testing. ‘The physical activity of 
the subjects immediately prior to testing could have affected the 


metabolic cost of the activity measured. 


The onset of metabolic acidosis was in fact at the minimum level 


of the ventilatory equivalent for oxygen. 


Maximal oxygen consumption levels determined could be misleadingly 


low in the unfit subjects because of their inexperience with high 


levels of fitness stress. 
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(1) 


(2) 


(a) 


DELIMITATIONS OF THE STUDY 


The study was delimited to the 20 female and 20 male volunteers 


that were sampled from the University of Alberta students. 


Comparisons between the optimal speeds of walking, running, the 
onset of metabolic acidosis, and maximal oxygen consumption in 
terms of fitness groups were based upon the percentage of maximal 


oxygen consumption at the onset of metabolic acidosis. 


DEFINITIONS 


Walking: forward linear motion of the body accompanied by a 


period of double leg support in every step 


Running: forward linear motion of the body accompanied by a 
period of momentary suspension in the air during every 


Step 


Optimal Speed: the speed of walking or running which the subject 
chose most naturally. This was supposedly the 
speed at which the energy expenditure was a 


minimum (5,49,50,58,89) 


Metabolic cost: or net energy expenditure is equal to the gross 
energy expenditure minus the resting or basal 


energy expenditure for an equivalent time period 


(58) 
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(e) Steady state: balance between the energy required by the working 
muscles and the rate of energy production via 


aerobic metabolism 


(f£) Onset of Metabolic Acidosis: the point of oxygen consumption or 
work intensity at which the curve for 
the ventilatory equivalent for oxygen 
was minimum (59). This technique 
accurately . reflects .a | significant 


increase in blood lactate 


(g) Anaerobic Threshold: a term synonymous with the "Onset of 


Metabolic Acidosis" 


(h) Fitness: as representative of the percentage of maximal oxygen 
consumption corresponding to the onset of metabolic 


acidosis in each subject 


HYPOTHESES 


The following null hypotheses were tested for significance at the 


0.05 level of probability: 


Hypothesis rT 


There is no significant difference between the speeds at optimal 


walking and at the onset of metabolic acidosis in males and females of 


high and low fitness. 
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Hypothesis 2 
There 1s no significant difference between the speeds at optimal 
running and at the onset of metabolic acidosis in males and females of 


high and low fitness. 


Hypothesis 3 


There is no significant difference between the relative oxygen 
consumption at steady state optimal speed walking and the relative 
oxygen consumption at the onset of metabolic acidosis in males and 


females of high and low fitness. 


Hypothesis 4 

There is no significant difference between the relative oxygen 
consumption at steady state optimal speed running and the relative 
oxygen consumption at the onset of metabolic acidosis in males and 


females of high and low fitness. 


Hypothesis 5 
There is no significant difference in the proximity of the 
selection of the optimal speed of running and the onset of metabolic 


acidosis between the sexes and high and low fitness groups. 


Hypothesis 6 
There is no significant difference in the power output at maximal 


oxygen consumption between the sexes and high and low fitness groups. 
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CHAPTER 2 


REVIEW OF RELATED LITERATURE 


The purpose of the review of related literature to follow was to 
bring to date the state of research on the topic of the onset of 
metabolic acidosis and piece together a case for its relationship with 
an optimal speed of locomotion, namely walking and running. Only those 
studies deemed most pertinent for either establishing or refuting such 
a relationship were selected. Collateral studies were also discussed 
when their findings were of significance to the present problem under 
study. 

The topical sequence followed in this chapter on the literature 


relating to the foregoing questions was: 


(1) The Concept of Anaerobic Threshold 


(2) Detecting the Onset of Metabolic Acidosis via Gas Exchange 
Parameters 


(3) An Analysis of an Optimal Speed of Walking 
(4) An Analysis of an Optimal Speed of Running 


(5) Sex Differences Related to the Metabolic Cost of Walking and 
Running 


(6) The Onset of Metabolic Acidosis, Endurance Performance, and 
an Optimum Pace 


(7) Optimal Speeds of Walking and Running and the Speeds Associ- 
ated with the Onset of Metabolic Acidosis 


(8) Summary and Critique of Literature 
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THE CONCEPT OF ANAEROBIC THRESHOLD 


If dynamic exercise begins at a very low intensity, such as zero 
watts on a bicycle ergometer, or the lowest speed of a motor driven 
treadmill, the ventilatory and circulatory systems begin to respond to 
the above resting value energy demands of the exercising muscle and 
correspondingly the oxygen consumption increases. At the onset of low 
intensities of exercise this initially elevated oxygen consumption acts 
in concert with stored phosphogens and oxymyoglobin to meet the initial 
demands of the exercising muscle. This energy is provided almost 
exclusively from the high energy phosphates, adenosine triphosphate 
(ATP) and creative phosphate (CP), via the alactic system within the 
specific muscles and activated with exercise. 

With increasing levels of low intensity exercise, a greater amount 
of oxygen was extracted by the tissues resulting in more carbon dioxide 
being produced and expired. After the first few minutes of exercise, 
of low intensity, increasing amounts of free fatty acids were released 
into the circulation and transported to the working muscles and became 
the dominant source of fuel for contracting muscle at low workloads 
(55). Since little or no blood lactate was formed and values of 0.70 
to 0.80 for the respiratory quotient were found during this low 
intensity exercise there was little doubt that this initial phase of 
dynamic progressive exercise primarily involved aerobic metabolism 


(66). 


This increased availability and utilization of free fatty acids 
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has been reported to have an inhibitory effect on glycolysis by 
oroduction of citrate, an accumulation of which, inhibits pyruvate 
Bxidarion OF glycolysis (4,25). If there was indeed glycolytic 
inhibition by free fatty acid metabolism, there should have been little 
peaten produced, and any that was, should have been oxidized to 
pyruvate due to the H-lactate dehydrogenase (H-LDH) isoenzyme pattern 
of the preferentially recruited slow twitch fibres (Type I) during low 
intensity exercise (41,65). 

As the intensity increased more muscle fibres, Type I and possibly 
some Type II (fast twitch) were recruited. This produced a greater 
need for, and utilization of, ATP and correspondingly an increase in 
the concentration of adenosine diphosphate (ADP) , adenosine 
monophosphate (AMP), and free phosphate ions (Pi). An accumulation of 
these metabolites released the inhibitory effect of citrate on 
phosphofructokinase (PFK), the rate-limiting enzyme in glycolysis (78), 
enhancing carbohydrate glycolysis and increasing the production of 
pyruvate (55). 

Since free fatty acid oxidation was likely still high, some 
inhibition of pyruvate oxidation would still be present. As a result 
there would be an imbalance between pyruvate production and pyruvate 
oxidation, with some of the pyruvate being reduced to lactate (40,41, 
70,76). A slight rise in blood lactate to about 2 millimoles per litre 
of blood was detectable at this point, and thus, appeared to be due to 


excess pyruvate and not, to the hypoxia of anaerobic metabolism, since 
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mitochondrial nicotinamide dinucleotide (NAD) levels indicated adequate 
oxygenation (66). 


Exercise intensities beyond this threshold that illicited an 


initial rise in blood lactate above resting levels, necessitated even 


greater recruitment of Type II muscle fibres, and an increased demand 
for ATP that could no longer be met almost entirely through aerobic 
metabolism. In order to continue exercising at the same intensity, ATP 
production must have been increasingly channeled. through anaerobic 
metabolic pathways. Anaerobic glycolysis resulted in energy production 
of a very high rate to maintain performance, but, since the oxygen 
Supply cannot meet the high demand, excess pyruvate was converted to 
lactate to regenerate reduced nicotinamide dinucleotide (NADt) so 
that glycolysis could continue. 

The increased production of lactate, as a result of workloads of 
increasing intensity, eventually limited further work and muscular 
fatigue and exhaustion ultimately resulted. 

The oxygen consumption or work intensity at which there was a 
significant increase in lactic acid within the muscle when compared to 
its resting levels, has been termed the "Anaerobic Threshold" (54). 
Since it has been reliably shown that the initial production of lactate 
during dynamic exercise was not a function of increased anaerobic 
glycolysis creating muscle hypoxia, but rather, an imbalance between 
the rate of pyruvate production and its rate of utilization via the 


Gitric acid cycle (40,41,70,76), the term anaerobic threshold was 
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misleading. This phenomenon has been alternately termed by Weltman et 
al. (76) as the "Onset of Metabolic Acidosis", while Kinderman et al. 
(41) have suggested the "Aerobic Threshold" as a suitable replacement. 
Several German research groups (41,45) have deemed the term "anaerobic 
threshold" more appropriate to the sharp rise in lactate from a level 
of about 4 millimoles per litre of blood, a decrease in the fractional 
expiration of carbon dioxide (FECO, ), and a marked hyperventilation 
(41). They see this level as a transition to the predominance of 
anaerobic ree utilizing carbohydrate fuel. 

To maintain consistency only the term "onset of metabolic 
acidosis" (formerly the anaerobic threshold) was used to describe the 
workload or the oxygen consumption just below which there was a non- 
linear increase in the carbon dioxide production, respiratory exchange 
ratio, and. ventilation volume plus a rise in, blood lactate. to 
approximately 2 millimoles per litre of blood during an incremental 
work test (76,77). It should be noted that the above changes in the 
gas exchange parameters were transient and occurred only while lactic 


acid concentration was increasing and the bicarbonate concentration was 


decreasing. 
DETECTING THE ONSET OF METABOLIC ACIDOSIS VIA GAS EXCHANGE PARAMETERS 


In some way ventilation rate must be geared to metabolic demands. 


If ventilation was not adequate, the high rate of carbon dioxide 
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production would result in severe acidosis with associated disturbances 
in cell function. On the other hand, if ventilation increased out of 
proportion to metabolism, alkalosis would result. 

Naimark et al. (54) and Wasserman et al. (72) demonstrated that 
the point at which lactic acid was beginning to accumulate within the 
muscle could be reflected by several changes in gas exchange 
parameters. The most commonly utilized parameters of gas exchange have 
been non-linear increases in minute ventilation, expired carbon 
dioxide, and the respiratory exchange ratio. The introduction of 
reliable rapidly responding oxygen analyzers and on-line computer 
processing have enabled the computation and visualization of the onset 
of metabolic acidosis as it Sdearteeh aura a performance test (3,73). 
Other ventilatory approaches to the measurement of the onset of 
metabolic acidosis included a decrease in end-tidal oxygen (PETO, ) 
tension without a concomitant change in end-tidal carbon dioxide 
(PETCO, ) tension (73) or the detection of an increased fraction of 
expired oxygen ( FEO, ) (22). Each of these were manifestations of a 
non-linear rise in minute ventilation (VE) (22,73). 

In comparison with invasive methods which provide considerable 
discomfort to subjects, the detection of the onset of metabolic 
acidosis via gas exchange parameters is virtually painless. The more 
painful of the invasive methods is the measurement of muscle lactate 
from biopsy specimens taken repeatedly during exercise for comparison 


with resting levels (65). A second more common invasive method, 
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involves repeated blood sampling for the detection of changes in blood 
lactate concentration, bicarbonate concentration, and pH. The onset of 
metabolic acidosis being represented by an increase in bicarbonate 
concentrationxandaedrepiain pli (25y16)21732;60 ) 

The non-invasive analysis of the course of the ventilatory 
equivalent, with progressive intensity exercise, was a recent measure 
of the onset of metabolic acidosis (23,24,59). The ventilation 
equivalent has been defined by the ratio of minute ventilation to 
oxygen consumption (VE/ Vo, ) or VEO, which was an index for the 
economics of breathing in relation to oxygen uptake (59). An increase 
of the ventilatory equivalent of oxygen from its minimum was always the 
result of a hyperventilation with respect to oxygen uptake and 
represented the onset of metabolic acidosis (59). A systematic 
increase in the ventilatory equivalent for oxygen without an increase 
in the ventilatory equivalent for carbon dioxide was a qualified method 
to recognize a hyperventilation due to metabolic acidosis. 

The validity of detecting the onset of metabolic acidosis via gas 
exchange parameters has been extensively studied utilizing changes in 
blood parameters as a criterion measurement for evaluation. Naimark et 
al. (54) compared the changes in the respiratory exchange ratio with 
changes in arterial plasma bicarbonate concentration through 
regressional analysis and obtained a correlation coefficient of 
r = 0.98 which was highly significant. Similarly, Davis et al. (22) 


obtained a significant regression coefficient of r = 0.95 when the 
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onset of metabolic acidosis, determined by an abrupt increase in venous 
lactate (to approximately 2 mmol/litre) was plotted versus non-linear 
increases in minute ventilation, expired carbon dioxide, and the 
respiratory exchange ratio. Of the three gas exchange parameters, the 
best single measure for detecting the onset of metabolic acidosis was 
minute ventilation while the least specific was the respiratory 
exchange ratio. The inaccuracies associated with the use of the 
respiratory exchange ratio (R) as an indicator of the onset of 
metabolic acidosis are well established (15,71,72,75), therefore it is 
seldom used singularly. | 

The validity of the use of the ventilatory equivalent for oxygen 
(VE/VO, ) in particular has been examined by several investigators (23, 
59,74). Reinhard et al. (59) reported a correlation coefficient of 
r = 0.94 between the determination of the onset of metabolic acidosis 
by means of computer assisted on-line ergospirometry for Ve/V 0, and 
capillary lactate and blood gas analysis at one minute intervals during 
an incremental exercise test. Although other investigators have 
utilized the ventilatory equivalent for oxygen in contrast with blood 
lactate measurements, they have not reported the correlation found 
between these measures. They did however report that the determination 
of the onset of metabolic acidosis via the minimum of VYE/VO, of an 
incremental, dynamic, exercise test was "both an established criteria 


and valid method" (24,43,74). 
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Several investigators have examined the reliability of detecting 
the onset of metablic acidosis using gas exchange parameters with test- 
retest” protocols. Early researchers (54,72) reported that the gas 
exchange measures were highly reproducible by test-retest procedures 
although no values were given for the correlation coefficients. Later 
research, Davis et al. (22) obtained reliability coefficients of 
r= 0.77, rv = 0.74, and r = 0.72 for detecting the onset of metabolic 
acidosis via gas exchange parameters during arm cranking, leg cycling 
and treadmill walking respectively. Although statistically 
Significant, they were only moderately high correlations. The 
investigators provided the explanation in that: (a) there were non- 
linear increases in oxygen consumption for some of the work rate 
increments which occurred most frequently during treadmill walking, 
likely due to a mechanical inefficiency at particular speeds and grades 
and (b) a possible release of lactate momentarily as the work rate was 
being increased, particularly as the exercise intensity approached the 
threshold value. Together these factors may have been attributable to 
the spurious estimates of the onset of metabolic acidosis. 

In a further study by Davis et al. (23) utilizing the ventilatory 
equivalent for oxygen to detect the onset of metabolic acidosis, 
reliability coefficients of r = 0.91 were obtained both prior to and 


following nine weeks of training to alter the threshold levels. 
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In summary, from the discussion above, it was apparent that the 
detection of the onset of metabolic acidosis using gas exchange 
parameters in general, and the ventilatory equivalent for oxygen 


(VE/ VY 0, ) in particular, was both valid and reliable. 


AN ANALYSIS OF AN OPTIMAL SPEED OF WALKING 


The relationship between the speed of walking and its metabolic 
cost have been generally viewed as curvilinear (5,6,13,17,29,58,84,87, 
88) though consensus did not entirely exist (8,26,31,51). Of those 
researchers that have described the relationship as curvilinear each 
had derived a unique regression equation for eredivtane the net 
metabolic cost of walking as well as a unique optimal speed. In 
general, a hyperbolic curve was produced with the net energy 
expenditure per unit distance travelled plotted against the speed of 
walking, thus indicating that, there existed an optimal speed at which 
the energy expenditure per unit distance travelled was minimum. 

Ralston (58) and more recently Bhambhani (5) and Zarrugh and 
Radcliffe (88) have demonstrated that the optimal speed of walking 
varied between individuals. The optimal speed was usually at or near 
the speed which the subject chose 'naturally' or which he or she sub- 


jectively regarded as 'most comfortable.' The actual optimal speeds 
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that have been presented in the literature have varied from 
approximately 65 metres per minute to 85 metres per minute or 3.9 to 


5.1 kilometres per hour (5). 


AN ANALYSIS OF AN OPTIMAL SPEED OF RUNNING 


Although research analyzing the relationship between the metabolic 
cost and speed of running have tended to describe the relationship as 
linear (11,13,31,45,49,51,63,86) additional research have described the 
relationship as curvilinear (34,42,61). 

Recent research studies indicated that the relationship between 
the metabolic cost and speed of running was relatively linear, as most 
recent researchers advocated, this implied that an optimal running 
speed based on a speed of minimum energy expenditure could not have 
existed. However, Mayhew (49) claimed that there was an optimal speed 
of running at which the energy expended per unit distance travelled was 
minimum. When the energy cost per kilogram body weight per kilometre 
of distance run was plotted against running speeds between 8 kilometres 
per hour and 18 kilometres per hour two regressional lines that 
intersected at a speed of 11.1 kilometres per hour (185 metres per 
minute) resulted, which he claimed was the optimal running speed. A 
later study by the same investigator (50) compared the oxygen cost and 


energy requirement of running in trained and untrained males and 
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females found that the difference in energy cost between trained and 
untrained groups of each sex was least at 180 metres per minute. 

Both Hogberg (38) and Knuttgen (42) demonstrated that for each 
running speed, there was a step length at which the energy expenditure 
was minimum. This optimal step length varied between individuals and 
was usually the one which the subject chose most 'freely or naturally.' 
Since running speed is given by the product of the step length and step 
rate or frequency, it is, therefore, not surprising that Mayhew (50,51) 
and others (5,62) have suggested an optimal speed. Elliot et al. (28) 
examined the freely chosen stride length and stride rate changes while 
running on a treadmill at four graded velocities and found that the 
adoption of an optimal rate and length of stride may be crucial in 


increasing recreational running efficiency. 


SEX DIFFERENCES RELATED TO THE METABOLIC COST OF WALKING AND RUNNING 


Previous studies have tended to detect no statistical difference 
between the sexes in the gross metabolic cost of walking (27,58,87). 
Blessy et al. (6) and Bhambhani (5) were unable to detect any 
difference in either the gross or the net metabolic cost of walking. 
The net cost being determined by the subtraction of the energy cost of 


mere standing from the gross energy cost of walking. Contrary findings 
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leaned towards a slightly greater gross energy expenditure by males 
when walking a unit distance (10,35). 

Falls and Humphrey (31) were unable to detect any real difference 
between the sexes in the net metabolic cost of both walking and 
running. Howley and Glover (39) as well as Brandsford and Howley (11) 
presented a third option, that the metabolic cost of walking and 
running a unit distance was greater in females than males. Both 
—— groups found that the sexual differences in net metabolic cost 
was more accentuated while running. Bhambhani (5) demonstrated a 
Similar greater gross and net metabolic cost in females than in males 
running a unit distance. 

The greater average relative body fatness (percent fat) of females 
compared with males has been mentioned as one factor responsible for 
the sex difference in running performance. Excess body fatness 
decreased performance in relatively prolonged, weight bearing work such 
as distance running by increasing the body weight and, therefore, the 
energy required to perform any given level of work without contributing 
to the body's energy producing capacity. The consequence being, 
maximal oxygen consumption was elicited at a lower rate of work, and 
the pace that could be maintained for a given period of time was 
reduced (19). 

Cureton et al. (19) attempted to directly study and quantify the 
extent to which the difference in performance between men and women in 


distance running was related to the sex difference in percent fat. 
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Based on data from normal male and female college students it was 
estimated that approximately 25 percent of the mean sex difference in 
performance on a 12-minute run was related to the mean sex difference 
in percent fat. 

A later study, also headed by Cureton (20), used the addition of 
external weight to the bodies of males, to investigate the extent to 
which differences between adult male and female runners, in distance 
running performance, and metabolic responses to running, were due to 
the sex differences in excess body weight. Equating the percentage of 
excess body weight of the groups of male and female runners reduced the 
sex difference in treadmill run time and 12-minute run performance by 
approximately 30 percent. The primary metabolic consequence of the 
greater sex-specific percentage of fat of women was to increase the 
energy required to run at any given speed, without contributing to 
their energy-producing capacity (20). Running at any given submaximal 
speed, therefore, required a greater percentage of the maximal oxygen 


consumption of women and produced greater physiological stress. 
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THE ONSET OF METABOLIC ACIDOSIS, ENDURANCE AND AN OPTIMUM PACE 


It had become apparent that the level of an athlete's onset of 
Metabolic acidosis was a very critical’ factor in\ determining . his 
potential for prolonged physical exercise. It was also evident, from a 
limited number of studies, that the onset level could be elevated 
through training (23,36) and that successful long-distance athletes 
have significantly higher onset of metabolic acidosis levels than did 
normal individuals (16,32,69). The onset of metabolic acidosis 
occurred at approximately 45-55 percent of maximal oxygen consumption 
in the untrained subject (22,23,40,59,73,76,77), at approximately 60-75 
percent in the physically active non-endurance athlete (37,53) and in 
some instances, in excess Of 85 percent of Vo, max in the highly 
trained endurance athlete (16,32,60,69). 

The relationship between maximal oxygen uptake and the onset of 
metabolic acidosis has been evaluated by several researchers. A 
positive relationship was well established, but, correlation 
coefficients have ranged widely (r = 0.52 to r = 0.85) (20,77). 
Although individuals who had a high maximal oxygen uptake value would 
likely have had a later onset of metabolic acidosis relative to a 
percentage of their maximum oxygen uptake, this relationship was only 
Pair (16), This .in part could have explained “the "finding that 


individuals with similar maximal oxygen consumption performed quite 
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differently during an endurance event (16). 

The indiscriminate use of the maximal oxygen consumption concept 
in previous research has been questioned (40). The effects of physical 
training are probably evident in subtle internal cellular adaptations 
which may or may not be manifested in gross changes in the Vo, Max... In 
this respect, since the onset of metabolic acidosis is likely a reflec- 
tion of intracellular activity, the onset of metabolic acidosis may he 
viewed as a valid criterion variable with which to compare improvements 
through training (40). 

Weltman et al. (76) evaluated the use of the onset of metabolic 
acidosis as compared with Vo, max when evaluating metabolic responses 
to submaximum exercise. Through the analysis of both submaximum and 
maximum exercise responses of 33 females, it was concluded that while 
VO5 max waS an accepted criterion for maximum cardiorespiratory 
fitness, and did provide some information about submaximum fitness 
levels, it was suggested that, regardless of an individual's Vo, MAX , 
the onset of metabolic acidosis may also be used when ey aligarine sub= 
maximum fitness. 

Several studies have attempted to determine the contribution of 
maximal oxygen uptake, running economy, and lactic acid accumulation to 
distance running success. Costill et al. (16) analyzed the responses 


of 16 highly trained runners by venous blood sampling inmediately after 
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10 minute submaximal runs on the treadmill at 214, 241, or 268 metres 
per minute. They found that lactic acid accumulation was directly pro- 
portional to their initial fitness rankings based upon their previous 
best 10 mile times. Each subject crossed their threshold for the oset 
Of metabolic acidosis, if 2 mmol/litre of lactate per litre is used as 
the threshold (41,66), in the same order of initial fitness ranking. 

Farrel et al. (32) analyzed the idea that runners set a race pace 
which closely approximated the running velocity at which lactate began 
to accumulate in the plasma by studying the metabolic data of 18 male, 
experience distance athletes. A series of eight, 10 minute steady 
State runs, were performed on a treadmill, at speeds between 214 and 
322 metres per minute, with venous blood sampled within 30 seconds of 
each run. Maximal oxygen uptake was also determined on two separate 
occasions. The onset of plasma lactate accumulation (OPLA) was defined 
as an accumulation of iecehid! which had increased to that 
concentration, which overcame the gradient between muscle and blood, 
rather than the onset of anaerobic metabolism (32). All subjects, in 
addition to the submaximum treadmill runs, were compared at actual race 
performance distances of 3.2, 9.7, 15, and 19.3 kilometres, and 
thirteen of the subjects at the marathon distance. It was found that 


the strongest relationship between any Single variable that was 


measured, and the actual race performance data, was that of the 
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treadmill velocity corresponding to the onset of plasma lactate 
accumulation. This relationship existed at all race distances and 
showed correlation coefficients equal to, or in excess of r = 0.91. 
The mean difference between the treadmill velocity corresponding to the 
OPLA and the marathon pace was a mere 8 + 5.3 metres per minute. It 
seemed that, regardless of the competitive level, the highly trained 
endurance athlete could maintain an average velocity during a marathon 
which was only slightly above his OPLA velocity (32). 

Daniels et al. (21) analyzed the lactate accumulation in runners 
and non-runners during steady state exercise at a predetermined work- 
load just above the onset of metabolic acidosis. They found that, not 
only had training delayed the onset of blood lactate accumulation, as a 
function of exercise intensity, but it had also accounted for the 
decrease in the initially elevated blood lactate that had occurred 
during steady state exercise at these workloads. This led them to 
Suggest that the accumulation of venous lactate was to some extent 
reversible during steady state exercise in the trained individual. 

The contribution of the onset of metabolic acidosis and maximal 
oxygen consumption in cross country skiers has also been studied. 
Rusko et al. (60) attempted to investigate these parameters as well as 
the contribution of muscle enzymes and fibre compositions in young 


female skiers. The onset of metabolic acidosis was determined both by 
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blood lactate samples and a departure from linearity in the VE and ey 
responses. Muscle biopsy of the medial vastus lateralis was used to 
classify slow and fast twitch fibres and the enzymes; succinate 
dehydrogenase (SDH), malate dehydrogenase (MDH), citrate synthase (CS), 
and lactate dehydrogenase (LDH). The onset of metabolic acidosis 
occurred at approximately 85 percent of maximal oxygen consumption in 
these fifteen highly trained young skiers. Muscle biopsy analysis 
determined a 60 percent slow twitch nature of the fibres sampled from 
the medial vastus lateralis. The percentage of slow twitch fibres, 
however, showed no significant correlation with the skiers' maximal 
oxygen uptake values or the onset of metabolic. acidosis, whether 
expressed aS a percentage of maximal oxygen uptake or as absolute 
litres of oxygen consumed. Of the enzymes examined, both the 
activities of succinate dehydrogenase, and citrate synthase correlated 
significantly with the onset of metabolic acidosis. The results 
obtained seemed to support the hypothesis that, the submaximum or 
prolonged work capacity near the onset of metabolic acidosis might have 
been related to the oxidative capacity of the muscles, whereas, the 
maximal oxygen consumption might more likely have been related to 
central or local factors of circulation (60). Low lactate 
dehydrogenase activity was associated with a greater delayed onset of 


metabolic acidosis in these subjects which may indicate that, the 
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ability to keep the blood lactate concentration at a low level might 
also have been related to the capacity of the muscles to produce 
lactate. 

Contrary to the results of Rusko (60), Green et al. (37) found no 
Significant correlation between fibre type distributions of ten active 
college males and the onset of metabolic acidosis. Neither did they 
find a _ statistically significant correlation between succinate 
dehydrogenase enzymatic activity and the onset of metabolic acidosis. 

The claim that long distance athletes set a race pace which 
closely approximated an intensity near that which would onset metabolic 
acidosis appeared reasonably well substantiated (16,32,60,69). 
However, analysis of endurance performances of shorter duration, such 
as those of middle distance runners, and the significance of the onset 
of metabolic acidosis in the outcome, was limited. Ariyoshi et al. (1) 
attempted to examined the physiological basis of the gradual decrease 
of speed pattern of pacing of many middle distance athletes. From the 
physiological point of view, it would have seemed that the most logical 
tactic of pacing for a middle distance competitor would have been the 
adoption of a relatively uniform pace throughout most of the race; this 
would correspond to the fraction of the maximal oxygen consumption 
realizable without lactate accumulation, and anaerobic activity would 


be reserved for the final sprint as the finishing tape was approached. 
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Contrary to this model view, the results of eight male middle distance 
runners demonstrated that a gradual decrease of speed pattern of pacing 
used appreciably less total oxygen than a steady or a gradual increase 
Of speed pattern of running for a distance of 1400 metres in 4 minutes 
(1). While it made empirical sense to operate at a fixed percentage of 
maximal load throughout a race, such a concept must allow for the 
possibility of "drift" in physiological limits associated with fatigue, 
and if a runner was to maintain a constant level of body stress, he 
must of necessity make a gradual reduction of running speed (1). In 
other words, in order to maintain a steady physiological pace it may 


have been necessary to reduce the pace. 


OPTIMAL SPEEDS OF WALKING AND RUNNING AND THE SPEEDS ASSOCIATED WITH 


THE ONSET OF METABOLIC ACIDOSIS 


The optimal speeds of walking that have been generated by numerous 
researchers (5,6,13,29,58,84,87,88) have varied from approx imately 65 
metres per minute to 85 metres per minute or 3.9 to 5.1 kilometres per 
hour. The optimal speed of walking being that speed at which the 
energy expenditure per unit distance travelled was minimum. This speed 
was usually the most comfortable speed for a subject due to an optimal 


step frequency. 
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The lower limit for normal individuals of either sex, and all age 
groups tested, for the onset of metabolic acidosis appeared to be the 
same (22,73). This lower limit was equivalent to an oxygen consump- 
tion of approximately 1.0 litre per minute, the oxygen uptake needed by 
the typical adult to walk at a normal speed (4.0 kilometres per hour) 
on the level (73). In other words, an exercise intensity beyond a 
comfortable walk, for these least active individuals, would have 
crossed the threshold for the onset of metabolic acidosis. Wasserman 
et al. (71) also reported that patients with functionally significant 
heart eee could not exercise to the level of oxygen uptake 
necessary for walking at a moderate pace without developing a metabolic 
acidosis. 

The optimal speed of running, primarily advocated by Mayhew 
(50,51), has been localized near 185 metres per minute or 11.1 kilo- 
metres per hour for both sexes. Bhambhani (5) found that the most 
comfortable running speeds chosen varied between 130 and 181 metres per 
minute for male and female university students. 

The speeds that corresponded to an onset of metabolic acidosis 
have varied in relation to aerobic training levels. Kinderman et al. 
(41) demonstrated that cross country ski subjects, of moderately high 
cardiorespiratory endurance capacity (Vo, max of approximately 55 


ml/kg/min) delayed the onset of metabolic acidosis corresponding to 
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treadmill velocities between 12 to 14 kilometres per minute, with the 
grade of the treadmill at 5 degrees. Volkov et al. (69) determined the 
running speed corresponding to the "threshold of anaerobic metabolism" 
Characterized by an abrupt increase in arterial blood lactate above 
resting levels. Subjects that had trained at different intensities and 
frequencies, similarly, exhibited considerable differences in the speed 
necessary to initiate lactic acidosis. These critical speeds varied 
from 156 to 204 metres per minute or 9.4 to 12.3 kilometres per hour 
for these experienced middle distance runners. Highly trained 
endurance athletes, such as the sixteen competitive runners studied by 
Costill et al. (16), exhibited maximal oxygen uptakes of very large 
volumes (70 to 82 ml/kg/min), delayed the onset of metabolic acidosis 
up to treadmill speeds of 300 metres per minute or 18 kilometres per 
nour. 

Several studies have noted that the exercise intensity level 
associated with the onset of metabolic acidosis was a highly effective 
predictor of athletic performance time for endurance events (16,32). 
Katch et al. (40) as well as other researchers (41,44,66), have stated 
that theoretically training at intensities below or above the set of 
metabolic acidosis should result in different physiological changes. 
Intensities below this level should see fat as the primary fuel 


Substrate, and above this level would develop greater changes in 


cardiorespiratory parameters. These postulates were in agreement with 
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the view of Kinderman et al. (41) who advocated that workload 
intensities necessary to reach the onset of metabolic acidosis are 
usually sufficient for physicial activity in prevention § and 
rehabilitation, but in many cases high intensities are required for 


endurance training of athletes. 


SUMMARY AND CRITIQUE OF LITERATURE 


The onset of metabolic acidosis has been defined as the oxygen 
consumption, or work intensity, at which there was a_ significant 
increase in lactic acid within the muscle, when compared to its resting 
levels. Since it has been reliably shown that this phenomenon was not 
a function of increased anaerobic glycolysis creating muscle hypoxia 
(40,70), but rather an imbalance between the rate of pyruvate 
production, and its rate of utilization via the citric acid cycle, the 
initial description as an “anaerobic threshold" (55) or "threshold of 
anaerobic metabolism" (69) was inappropriate. The validity and reli- 
ability of detecting this onset of metabolic acidosis via gas exchange 
parameters was not clarified by many of the early reports since 
stringent statistical analyses were not applied, however, numerous re- 
cent researchers have clearly substantiated these methods. One of the 
important drawbacks of the present state of literature has been that no 


standard protocol has been devised for detecting the onset of metabolic 
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acidosis via gas exchange measures, sinner on the treadmill, or the 
bicycle ergometer. It may have been that the various test protocols, 
used in a variety of studies, may have in themselves affected the 
accuracy of detecting the onset of metabolic acidosis. Wasserman et 
al. (73) demonstrated that perhaps the impact of a variety of test 
protocols may have been minimal. They used two test protocols, in 
both, the initial work rate consisted of pedalling on a bicycle 
ergometer at zero watts for four minutes followed by increments of 25 
watts (150 KPM/min) at regular intervals. In oe case, the increments 
were made every minute while in the other they were made every four 
minutes. Although their results indicated that the magnitudes of the 
lactate increase and the bicarbonate decrease were less for the me 
minute increment test, the point at which the onset of metabolic 
acidosis was detected was the same for both tests. The role of muscle 
fibre types and the activities of various enzymes association with 
aerobic or anaerobic metabolism in the onset of metabolic acidosis was 
as yet unclear (37,60). 

The minimum thresholds found for the onset of metabolic acidosis 
have appeared to correspond to the oxygen consumption necessary to walk 
at a comfortable pace (22,73). The most comfortable walking pace has 
been shown to be at or near the optimal speed based upon minimum energy 
expenditure (5). 

The exercise intensity necessary for an onset of metabolic 


acidosis appeared to be to some degree related to the individual's 
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degree of training. The most highly fit, cardiorespiratory maximal 
oxygen uptake in excess of 70 ml/kg/min, seemed to delay the mset of 
metabolic acidosis to high levels of exercise intensity (16,32). ‘The 


most comfortable speeds of running found in the literature, appeared to 


3D 


correspond, to some extent, with the speeds found for the onset of | 


metabolic acidosis of subjects of varying degrees of training. It also 
appeared that long distance athletes tended to perform at a race pace 
which closely approximated the running velocity at which lactate would 
have began to accumulate in their blood plasma (16,32,60). Should a 
dependable relationship exist between the onset of metabolic acidosis 
and the most comfortable speed of locomotion, either walking or 
running, then the most comfortable speed could be used in the 
prescription of exercise intensity for weight reduction or athletic 


training. 
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CHAPTER 3 


METHODS AND PROCEDURES 


Sample Selection 

A total of 40 subjects, 20 males and 20 females volunteered to 
take part in this study. All subjects were University of Alberta 
students from a variety of faculties. The sample population was 


subsequently divided into four groups of ten, based on fitness level. 


The Beckman Metabolic Measurement Cart 

This system has been designed to facilitate rapid assessment of 
respiratory and metabolic parameters both at rest and during exercise. 
Briefly, the use of the Beckman Cart in this study was as follows: 

Each subject was connected to the Cart with a three way high- 
velocity Hans-Rudolph non-rebreathing valve and mouthpiece which 
permitted, through open circuit spirometry, the inhalation of atmo- 
spheric air and exhalation through low resistance tubing into the 
analyzing assembly of the Beckman Metabolic Measurement Cart (81). A 
low resistance high-velocity, volume transducer provided an accumula- 
tion measure of expired air volume over 30 second intervals. Aliquot 
samples of the expired air was analyzed for percent carbon dioxide and 
oxygen, using a Beckman LB-2 CO analyzer and Beckman OM-ll Oo 
analyzer respectively. The associated programmable calculator 
overseeing the operation of the measurement cycles, performed all 
required calculations and printed the following data: Ye, ml/min BTIPS; 


Voo, ml/min and ml/kg/min STPD; C02, ml/min STPD; and respiratory 
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exchange ratio, as well as input data every 30 seconds. 
Further details regarding this system and its available programs 


are available in the article by Wilmore et al (81). 


Calibration of the Beckman Metabolic Measurement Cart 

At the beginning of each testing session that this system was 
to be used, it was calibrated for volume, partial pressures of oxygen 
and carbon dioxide, barometric pressure and temperature according to 
standards recommended in the manual supplied with the instrument so as 
to ensure accurate measurements. 

Prior to each measurement on a subject, the system was calibrated 
using a mixture of 17.55% oxygen and 2.99% carbon dioxide calibration 
gas. Following each measurement on a subject, the system was recali- 


brated to check for the reliability of the measurements. 


Testing Procedures 

Testing was carried out over a period of 8 weeks during which time 
each subject attended three testing sessions. Sessions were scheduled 
at the same time of day and as close together as possible (mean = 5.8 
days). Each subject was instructed to avoid vigorous physical 


activity and ingesting any foods or nutrients for at least two hours 


prior to each testing session. The complete instructions to the 


subjects are available in Appendix B. 
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Session 1 
Treadmill Familiarity 


This first visit to the laboratory served as a familiarity session 
for each subject. Since many subjects had not walked or run on a motor 
driven treadmill before, this experience was provided, prior to the 
actual testing proper. Each subject walked and ran on the treadmill at 
several speeds which served to reduce anxiety associated with the 


treadmill. 


Session 2: 
Determination of the Optimal Speeds of Walking and Running 


The purpose of this session was threefold: (a) to determine the 
Optimal speed of walking; (b) the optimal speed of running, as well as, 


c) the steady state oxygen consumption at these speeds. 


(a) Optimal Speed of Walking 

As a precautionary measure, the subject was connected with with a 
set of electrodes and cardiotachometer (Cardionics AB, Stockholm) so 
that heart rate could be monitored throughout the testing session. The 
motor driven treadmill was started at its slowest speed with the grade 
held constant at zero degrees. The subject stepped on to the tread- 
mill and at their direction, the speed was gradually increased until 
the comfortable pace was obtained. The treadmill speed was then 
increased and decreased several times above and below this speed to 


ensure that the speed selected was in fact the most comfortable speed. 
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In cases where the subject was uncertain, then the lower speed was 
chosen as the most comfortable speed in an attempt to standardize any 
error. 

Following 5 minutes of rest, the subject returned to the treadmill 
and performed 6 minutes of walking at the most comfortable speed 
previously chosen. Six minutes of walking at a submaximal intensity 
allowed the subject to develop a steady state of oxygen consumption 
(2, Dp. 296, 48, p. 24). 

Any minor change in treadmill speed to better suit the subject was 
done during the six minute walk protocol on the command of the subject. 
Any minor alterations that were necessary helped to ensure that the 
speed chosen was subjectively most comfortable. 

(b) Optimal Speed of Running 

Following 15 minutes of rest, the subject continued on to the 
second part of session two, the determination of his or her most com 
fortable speed of running. The basic procedure for the determination 
of the optimal speed of walking was repeated for running. The initial 
treadmill speed for each subject was his or her optimal speed of 
walking and was increased on the command of the subject. Following 10 
minutes of rest, the subject performed 6 minutes of running at his or 
her optimal speed, to determine the steady state oxygen consumption 
associated. 


(c) Estimation of Percent Body Fat 


The final phase of the second session was the estimation of 


percent body fat. The subjects' body weight was first determined in 
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air on a balance scale. The subjects, who wore light weight Swimsuits, 
then entered the densitometry tank and were ‘seated on a metal chair 
Suspended from the ceiling by a load cell which was connected to a 
Sargeant recorder, model SR. Each subject was secured to the chair 
mithiea diver's belt to ensure that they did) not) float up during 
submersion. While seated in the chair the subjects' vital capacity was 
determined with the aid of a vitalometer from which the lungs residual 
volume was estimated. The residual volume was based upon the estimate 
of 30 percent of the vital capacity for men and 25 percent of the vital 
capacity for women (18,80). A minimum of three trials were performed 
with the largest vital capacity attaining being recorded. 

Each subject was requested to take a maximal inspiration and 
slowly submerge themselves underwater. The subject was required to 
hold the volume of air inspired until the underwater weight measurement 
was recorded. The procedure for underwater weighing was repeated a 
minimum of three trials. The average of the last two trials was 
recorded. The body density of each subject was estimated based upon 


the body density formula derived by Brozek et al. (12). 


Session 3 


The Determination of Maximal Oxygen Consumption and Estimation of the 


Onset of Metabolic Acidosis 
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The third testing session for each subject was the evaluation of 
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the onset of metabolic acidosis and maximal oxygen consumption. Since 
no standardized protocol existed for the detection of the onset of 
metabolic acidosis on the motor driven treadmill (40,66), the protocol 
followed was based upon guidelines suggested by Wasserman et al. (73). 
The test protocol for the detection of the onset of metabolic acidosis 
vila gas exchange parameters to yield valid and accurate results must 
exhibit the following: (a) The test should be initiated at very low 
work intensities. If the test is started at even low to moderate work 
intensities the onset of metabolic acidosis may have already been 
surpassed for some individuals. (b) The work intensity should be 
increased gradually at regular intervals. (c) The duration of work at 
each intensity should not be too short or too long. Too short a 
duration (less than 30 seconds) tends to result in threshold values 
which are misleadingly high. Too long a duration (more than 3 minutes) 
at each work intensity may allow the subject to reach a steady state of 
oxygen consumption which makes the point of gas exchange criteria 
difficult to determine, and therefore, may result in an inaccurate 
value. As well, undue stress may be placed on the subject by intervals 
of long duration, especially at high work intensities. (d) The 
initial workload intensities serve quite adequately as a warm up. 

Each subject's initial workload was 4% of the treadmill's maximal 
speed (or approximately 15 m/min) below the chosen optimal speed of 
walking. This workload was maintained for one minute at zero percent 


grade. Each subsequent workload was increased by 4% of the treadmill's 
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maximum speed each minute. Each subject was connected to the Beckman 
Metabolic Measurement Cart, in the same manner as with the steady state 
walking and running at optimal speeds, the previously outlined data 
being calculated every 30 seconds. Three workloads past the previously 
determined optimal speed of running (approximately 45 metres per 
minute) the speed was no longer increased but rather the treadmill 
grade of inclination was increased 3.0 degrees per minute until maximal 
oxygen was reached, or the subject no longer felt that he or she could 
continue. Criteria for the assessment of maximal oxygen consumption 
waS an increase of less than 150 millilitres of oxygen between 
subsequent work intervals (67) or volitional exhaustion. 

The criteria for the onset of metabolic acidosis was that describ- 
ed by Reinhard et al. (59). The systematic increase in the ventilatory 
equivalent for oxygen (VE/ V05/min) from its minimum without an 
increase in the ventilatory equivalent for carbon’ dioxide 
(VEN CO>/ min). An increase of the ventilatory equivalent for oxygen 
from its minimum was always the result of a hyperventilation with 
respect to oxygen consumption (47,59). The validity of this criteria 
has been reported as a correlation coefficient of r = 0.94 with blood 
gas analysis sampled at one minute intervals during an incremental test 
(59). Davis et al. (23) has reported a reliability coefficient of 
r = 0.91 for the use of the ventilatory equivalent for oxygen in 


detecting the onset of metabolic acidosis both prior to and following 
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nine weeks of training. The analysis of the ventilatory equivalent was 
both a valid and reliable method for ergospirometrical measurement of 
the onset of metabolic acidosis that has been used successfully by 
several researchers (21,22, 34,55,70). 

Following the maximal oxygen uptake tests on all subjects, both 
males and females were ranked based upon the percentage of maximal 
oxygen consumption at the onset of metabolic acidosis. This created 
four new groups of ten subjects, 10 high fit males, 10 high fit 


females, 10 low fit males and 10 low fit females. 


Statistical Treatment 

The statistical treatment of the data generated was analyzed by 
One and two-way analysis of variance. These methods are described by 
Winer (83). Post hoc procedures, where appropriate, were performed 
using a Scheffe test for determining significant mean differences. 
Significant differences were accepted at the alpha level P < .05 where 
was the probability that no difference exists between means. ‘The 
statistic packages, ANOV 16 and ANOV 25 of the Division of Educational 
Research Services were used for the statistical analyses. An Amdahl 


470 V/6 computer was used to process the data. 
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CHAPTER 4 


RESULTS AND DISCUSSION 


Analysis of Results 


The following anthropometrical ,,data, the means and _ standard 
deviations of which are given in Table 1, were collected from each 
Subject: age in years, height in edt ince and mass in kilograms. 
These measurements were taken with the subject wearing shorts, T shirt, 
and no shoes. Also given in Table 1 is the mean percent body fat 
estimated by densitometry and lean body weight in kilograms (12). The 
data presented in Table 1 was partitioned into the four groups based 
upon fitness rankings. The individual values for all the above 
measurements are in Tables 29, 30, 31, and 32, Appendix E. 

Table 2 contains a summary of the variables that were analyzed in 
the present study. The mean values along with standard deviations have 
been included for the four groups of subjects; high fit males, low fit 
males, high fit females, low fit females, based on, the percentage of 
maximal oxygen consumption at the onset of metabolic acidosis. 

The data of Figure 1 is an example of the ventilatory equivalent 
for oxygen results that were obtained for two subjects (subjects number 
17 and 23). The graphs of the data of these two individuals were 
selected as representative of the high and low fitness groups. The 


individuals of the high fit groups, both male and female tended to 
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depict an onset of metabolic acidosis. in close proximity to their 
chosen optimal speed of running. On the other hand, the subjects of 
the low fitness groups tended to show that their selection of an 
prin) speed of running was well in excess of their onset of metabolic 


acidosis. 


The Treadmill Speeds at the Optimal Speed of Walking and the Onset of 


Metabolic Acidosis 


Figure 2 contains the mean data of treadmill speeds at optimal 
speed walking and at the onset of metabolic acidosis for the four 
groups: high fit males, low fit males, high fit females, and low fit 
females. 

The one-way analysis of variance of the optimal speed of walking 
revealed that there were no significant differences between the four 
groups (P >.05). This analysis is found in Appendix E, Table 5. 

The one-way analysis of variance and subsequent Scheffe Test for 
the treadmill speed at the onset of metabolic acidosis showed a 
significant (P< .05) fitness difference (Tables 8 and 9) Appendix E. 
High fit males had their onset of metabolic acidosis at significantly 
different treadmill speeds than did the low fit males or low fit 


females. There was also a significant difference between the high fit 


females and low fit females. 
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Treadmill Speeds at the Optimal Speed of Walking 


and the Onset of Metabolic Acidosis 
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A Scheffe Test was performed on the mean data of optimal speed 
walking and the treadmill speed at the onset of metabolic acidosis, to 
determine significant differences in these two measures, within each of 
the four groups. There was a Significant difference (P <.05) between 
the optimal speed of walking and the onset of metabolic acidosis within 
each of the four groups (Table 10). 

In the statistical two-way analysis of variance for the hypothesis 
that there would be no significant difference between the speeds at 
optimal walking and at the onset of metabolic acidosis in the four 
groups, the fee speed and groups refer to the following: 

(1) Speed - the treadmill speed selected for optimal walking and 
the treadmill speed at the onset of metabolic 
acidosis. 

(2) Groups - refers to the four groups of subjects: high fit 
males, low fit males, high fit females, and low fit 

females. 

Treadmill speed showed a significant "A" main effect (P <.05) and 

Ene four groups (showed a significant “B™ main effect (P| = 05). 
Significant interaction occurred between the treadmill speeds and the 
four groups (Table 19) Appendix E. 

A Scheffe Test performed on the four groups showed a significant 

differenct (P<.05) in the selection of an optimal speed of walking and 


the speed at the onset of metabolic acidosis for high and low fitness 
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groups of the same sex (Table 20) Appendix E. There was a significant 
difference between the high fit males and high fit females but not 
between low fit males and low fit females (P < .05). There was no 


Significant difference between the low fit males and high fit females. 


The Treadmill Speeds at the Optimal Speed of Running and the Onset of 
Metabolic Acidosis 


Figure 3 contains the mean data of treadmill speeds at the optimal 
speed of running and at the onset of metabolic acidosis for the four 
groups. 

The one-way analysis of variance of the optimal speed of running 
revealed a significant difference between the four groups (Table 6) 
Appendix E. A Scheffe Test showed that there was a significant 
difference between the high fit males and the low fit females (P< .05) 
(Table 7) Appendix E. 

As was noted in the previous section, there was a significant 
difference between fitness groups in the treadmill speed at the onset 
of metabolic acidosis (Tables 8 and 9) Appendix E. High fit males had 
their onset of metabolic acidosis at significantly (P <.05) different 
treadmill speeds than the low fit males or low fit females. There was 


also a significant difference between the high fit females and low fit 


females. 
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A Scheffe Test was performed on the mean data of optimal speed 
running and the treadmill speed at the onset of metabolic acidosis to 
determine significant differences in these two measures within each of 
the four groups. There was no significant difference (P> .05) between 
the treadmill speed of optimal running and the onset of metabolic 
acidosis for the high fit male group (Table 11) Appendix E. ‘There was 
also no significant difference between these variables for both the 
high and low fit female groups. There was a significant difference 
between the treadmill speed of optimal running and the onset of 
metabolic acidosis for the low fit male group. 

In the statistical two-way analysis of variance for the hypothesis 
that there would be no significant difference between the speeds at 
optimal running and at the onset of metabolic acidosis speed in the 
four groups, the terms speed and groups refer to the following: 

(1) Speed - the treadmill speed selected for optimal running and 
the treadmill speed at the onset of metabolic 
acidosis. 

(2) Groups - refers to the four groups of subjects: high fit 
males, low fit males, high fit females, and low fit 
females. 

Treadmill speed showed a significant "A" main effect (P< .05) and 

the four groups showed a significant "B" main effect (P< .05). 


Significant interaction occurred between the treadmill speeds and the 


four groups (Table 21) Appendix E. 
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A Scheffe Test performed on the four groups showed a significant 
difference (P < .05) for high and low fitness groups of the same sex 
(Table 22) Appendix E. There was a significant difference between the 
high fit males and high fit females but not between low fit males and 
females (P >.05). There was no significant difference between the low 


fit males and high fit females. 


The Steady State Relative Oxygen Consumption During Walking at Optimal 
Speed _and the Relative Oxygen Consumption at the Onset of Metabolic 


Acidosis 


Figure 4 contains the mean data of relative oxygen consumption at 
the optimal speed of walking and at the onset Of metabolic acidosis for 
the four groups. 

The one-way analysis of variance of the relative oxygen 
consumption at steady state optimal speed walking revealed that there 
were no significant (P > .05) differences between the four groups 
(Table 12) Appendix E. 

The one-way analysis of variance for the relative oxygen 
consumption at the onset of metabolic acidosis showed a significant 
(P<.05) difference between the four groups (Table 15) Appendix E. A 
Scheffe Test showed that there were significant differences between 
high and low fitness groups (P <.05) (Table 16) Appendix E. High fit 


males Showed a significant difference between the low fit males and 
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Figure 4 


of Walking and the Onset of Metabolic Acidosis 
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between the low fit females. The high fit females differed 
Significantly, at the onset of metabolic acidosis, from the low fit 
males and low fit females also. There was no significant difference 
between high fit males and high fit females or low fit males and low 
fit females. 

A Scheffe Test was performed on the mean data of the relative 
oxygen consumption at the optimal speed of walking and at the onset of 
metabolic acidosis to determine significant differences in these 
measures within each of the four groups (Table 17) Appendix E. There 
were Significant (P < .05) differences in the relative oxygen 
consumption at optimal speed walking and at the onset of metabolic 
acidosis within three groups; high fit males, high fit females and low 
fit females. There was no significant difference in the low fit male 
group (P >.05). 

In the statistical two-way analysis of variance for the hypothesis 
that there would be no significant difference between the relative 
oxygen consumption at steady state optimal speed walking and the 
relative oxygen consumption at the onset of metabolic acidosis in the 
four groups, the terms relative oxygen consumption and groups refer to 
the following: 

(1) Relative Oxygen Consumption - the oxygen consumption during 
steady state optimal speed walking and the oxygen consumption 
at the onset of metabolic acidosis. 

(2) Groups - refers to the four groups of subjects: high fit 


males, low fit males, high fit females, and low fit females. 
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Relative oxygen consumption showed a significant "A" main effect 
(P <.05) and the four groups showed a significant "B" main effect 
(Paes 305). Significant interaction occurred between the oxygen 
consumption and the four groups (Table 23) Appendix E. 

A Scheffe Test performed on the four groups showed a significant 
difference (P <.05) in the relative oxygen consumption at the optimal 
speed of walking and the onset of metabolic acidosis for high and low 
fitness groups of the same sex (Table 24) Appendix E. ‘There was no 
Significant difference between the groups of similar fitness level and 


opposite sex (P> 05). There was no significant difference between low 


fit males and high fit females. 


The Steady State Relative Oxygen Consumption During Running at Optimal 
Speed_and the Relative Oxygen Consumption at the Onset of Metabolic 


Acidosis 


Figure 5 contains the mean data of relative oxygen consumption at 
the optimal speed of running and at the onset of metabolic acidosis for 
the four groups. 

The one-way analysis of variance of the relative oxygen 
consumption at steady state optimal speed running revealed that there 
was a significant difference between the four groups (Table 13) 
Appendix E. A Scheffe Test showed that the difference occurred between 
the high fit males and the low fit females (P < .05) (Table 14) 


Appendix E. 
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Relative Oxygen Consumption at the Optimal Speed 
of Running and the Onset of Metabolic Acidosis 


Figure 5 
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The one-way analysis of variance and subsequent Scheffe Test for 
the relative oxygen consumption at the onset of metabolic acidosis 
showed a significant difference between high and low fitness groups as 
outlined in the previous section (Table 15 and 16) Appendix E. High 
Pit males showed a Significant difference between the low fit females 
(P <.05)s The high fit females differed significantly, at the onset of 
metabolic acidosis, from the low fit males and low fit females also. 
There was no significant difference between high fit males and high fit 
females or low fit males and low fit females. 

A Scheffe Test was performed on the mean data of relative oxygen 
consumption at the optimal speed of running and at the onset of 
metabolic acidosis to determine significant differences in these 
measures within each of the four groups (Table 18) Appendix E. 

There was no significant difference (P>.05) between the relative 
oxygen consumption at the optimal speed of running and the onset of 
metabolic acidosis in both the high fit male and high fit female 
groups. Both low fitness groups showed significant differences in the 
relative oxygen consumption at these two measures (P <.05). 

In the statistical two-way analysis of variance for the hypothesis 
that; there would be no significant difference between the relative 
oxygen consumption at steady state optimal speed running and the 
relative oxygen consumption at the onset of metabolic acidosis in the 


four groups, the terms relative oxygen consumption and groups refer to 
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the following: 

(1) Relative Oxygen Consumption - the oxygen consumption during 

steady state optimal speed eRERS and the oxygen consumption at 

the onset of metabolic acidosis. 

(2) Groups -\refers to the four groups of subjects; high fit 

males, low fit males, high fit females, and low fit females. 

Relative oxygen consumption showed a significant "A" main effect 
(P < .05) and the four groups showed a significant "B" main effect 
SP 305). Significant interaction occurred between the oxygen 
consumption and the four groups (Table 25) Appendix E. 

A Scheffe Test performed on the four groups showed a significant 
difference (P <.05) in the relative oxygen consumption at the optimal 
speed of running and the onset of metabolic acidosis for high and low 
fitness groups of the same sex (Table 26) Appendix E. There was a 
significant difference between high fit males and high fit females but 


not between low fit males and low fit females (P <.05). 


The Selection of an Optimal Speed of Running in Relation to _the 
Treadmill Speed that Exhibited the Onset of Metabolic Acidosis 


Table 3 shows the distribution of individuals in each of the four 
groups, in terms of the selection of an optimal speed of running as a 


percentage of the speed at the onset of metabolic acidosis. 
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(b) 


High Fitness Males 

Fifty percent of these subjects selected an optimal speed of 
running which was + 10% of the speed at the onset of metabolic 
acidosis. The mean speed was 108.40% of the speed at the onset of 


metabolic acidosis with a standard deviation of 11.063. 


Low Fitness Males 
Seventy percent of these subjects selected an optimal speed 
of running which was greater than 120% of the speed at the mset 


of metabolic acidosis, the mean speed was 131.203 ge ise rst se 


High Fitness Females 

Seventy percent of the high fit females chose an optimal 
speed of running which was + 10% of the speed at the onset of 
metabolic acidosis. The average speed for this group was 106.503 


with a standard deviation of + 9.85%. 


Low Fitness Females 


Seventy percent of the females chose an optimal speed of 
running which was in excess of 115% of the speed at the oset of 


metabolic acidosis. The mean speed was 127.40% + 22.70%. 


Figure 6 contains the mean data of the optimal speed of running as 


a percentage of the speed at the onset of metabolic acidosis for the 


four groups. The optimal speed of running chosen as a percentage of 
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Figure 6 The Selection of an Optimal Speed of Running in Relation 


to the Speed at the Onset of Metabolic Acidosis 


the speed at the onset of metabolic acidosis was analyzed by using a 
two-way analysis of variance. The factors were sex, male or female; 
and fitness, high or low. Male or female showed no significant "A" 
main effect (P > .05) while high and low fitness groups showed a 
Slgprcicant “B" main effect (Pp < .05). There was no significant 
interaction between sex and Jee groups (Table 27) Appendix E. 

There was no significant difference (P>.05) between the males and 
females in the selection of an optimal speed of running as a percentage 
of the treadmill speed at the onset of metabolic acidosis. There was a 
Statistically significant difference (P < .05) between high and low 
fitness groups in the selection of an optimal speed of running as a 
percentage of the treadmill speed at the set of metabolic acidosis. 
The high fitness groups selected optimal speeds of running that were 
closer to those treadmill speeds that were associated with their onset 


of metabolic acidosis than did the low fitness groups 


The Power Output at Maximal Oxygen Consumption with Fitness Ranking and 


Sex as Determining Factors 


Figure 7 contains the mean power output of maximal oxygen 
consumption for the four groups. The power output generated during a 
One minute time frame while at maximal oxygen consumption was analyzed 


by using a two-way analysis of variance. The factors were sex, male or 
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Figure 7 The Power Output at Maximal Oxygen Consumption 


for the Four Groups 
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female; and fitness, high or low. Male or female showed a significant 
"A" main effect (P< .05) while high and low fitness groups showed no 
Sronmeicantec"Bwr main .effect (P > .05). There was no significant 
interaction between sex and fitness groups, therefore the least squared 
solution was employed (33,84) (Table 28) Appendix E. 

There was a statistically significant difference (P <.05) between 
males and females in power output at maximal oxygen consumption. ‘The 
males' power output was significantly higher than the females' power 


Output. 
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DISCUSSION 


Optimal Speeds of Walking 

Table 2 showed the mean Optimal speeds of walking for the four 
Subgroups under study. The individual values are given in Tables 
33, 34, 35, and 36, Appendix F. 

The one-way analysis of variance of the treadmill speed at the 
optimal speed of walking showed that there was no statistically 
significant difference in the treadmill speeds selected by the four 
groups of subjects. Regardless of sex or fitness it would appear that 
the selection of an optimal speed of walking was similar in these 
college age students. The one-way analysis of variance of the relative 
oxygen consumption at steady state optimal speed walking showed 
congruent results to treadmill speed. The oxygen consumption at 
optimal speed walking was not significantly affected by fitness level 


OY SCXe 


Table 4 contains mean data of Bhambhani (5), Ralston (58), Bobbert 
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(7), Mayhew (48), and the present study, for optimal speeds of walking» 


and running. The females' average selection of an optimal speed of 
walking was within the range of optimal speeds as summarized by 
Bhambhani (5). The mean optimal walking speeds of the females was 82.3 
metres/minute high fit and 79.2 metres/minute low fit. These values 
were higher than the mean value of 74 metres/minute obtained by Ralston 


(58). The present study's values were similar to the mean value of 80 


metres/minute obtained by Zarrugh et al. (84). 
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The mean optimal walking speed of the males was slightly beyond the 
range of optimal speeds as summarized by Bhambhani (5), as a maximum of 
85 metres/minute. The mean optimal walking speeds in high fit males, 
90 metres/minute and the low fit males, 87.5 metres/minute were both 
higher than the mean values obtained by Ralston (58), Zarrugh et al. 
(84), and the mean value of 84.5 metres/minute obtained by Bobbert 
C7). 

One explanation for the rather high mean optimal speeds of walking 
for the male groups may have been that these subjects were of 
relatively higher fitness levels in terms of walking than subjects 
included in the review of literature. A second possible explanation 
may be that although the subjects were instructed to select a speed 
which they felt was most comfortable, some male subjects may have 
selected speeds in excess of comfort because they may have felt a 
higher speed signified a 'better' performance. Such an overestimation 


could also have occurred in those studies reported in the literature. 


Optimal Speeds of Running 
Table 2 showed the mean optimal speeds of running for the four 


subgroups. The individual values are given in Tables 37, 38, 39, and 


40, Appendix F. 


Vea rot.” Wee 
me) 
ny: : . ious 
i om) 
a 


gi brevets yigiiife esx esinn aod, Fa paage eabtlon 4 

in nu xei.8 2 fe) inscicones) ea a 3 
alien SE ree ne abeca2 oniliew fantige noe a « 

Bid Hew = pei diperctete “08 ,oiem 122 wel anid ioe 

, (00) parece, 9 ec 2esGe> eat Lev nde el 4 

muse od Da DASE asurin\asszem Fhe 76 auSeY seit od 

/ i & 


"1 
—) 
w 
xt 
~ 
] 
F 


Miew Do abssqe: anitqe npen Apad seitoes aib3 : 1 
saw. 2icvetéus. scams ‘art. nese 

24 sardie neds prion 1C etires Gir alae. a2 RNP 
 Orieistioxns aldbasce, procs fh woretenssil 26° ies all 
beece” 6' Josise ot Betoun Rk aed asoajtve ae” 
Wei YSN. BiSancie Sis’ eee webb deomh . wn 
¢ Ser =sver VBI) yor od oneal sated Ee sao a 

n A 


AES teess VO 16 ADUE suena) ied Jt is 


adios! - sad rt oaarbet eal 


= . mf 
woe ad. xc? onints: to era : 
a 7 ioe 


Gis GRE BE WE eshte Af lei 


The one-way analysis of variance of the treadmill speed at the 
optimal speed of running showed that there was a significant difference 
between the four groups. A Scheffe Test to locate the differences 
revealed that the only significant difference occurred between the two 
groups of extreme fitness levels, the high fit males and the low fit 
females. The One-way analysis of variance of the relative oxygen 
consumption at steady state optimal speed running showed identical 
results to treadmill speed. The analysis of variance and subsequent 
Scheffe Test showed that the only significant differences occurred 
between the two extremities of fitness, the high fit males and the low 
fit females. This similarity, or rather the lack of dissimilarity in 
the selection of an optimal speed of running is discussed in more 
detail under the heading "The Optimal Speed of Running and the Speed at 
the Onset of Metabolic Acidosis." 

The mean optimal running speeds of males and females in this 
study, 167.7 metres/minute and 149 metres/minute, respectively, was 
considerably lower than the mean optimal running speed of 185 
metres/minute determined by Mayhew (50,51) on his highly trained 
runners (Table 4). The mean optimal running speeds of the males in 
this study were, however, somewhat higher than those reported by 
Bhambhani (5) of 154.9 metres/minute for males, and 143.7 metres/minute 


for females. Since the high fit males of this study were of similar 
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age and physical activity background these subjects showed a mean 
optimal speed of running (182.9 metres/minute) which was in agreement 
with the findings of Mayhew (50). As well, the high fit females, a 
mean optimal speed of running of 175.6, were also much similar in terms 
of cardiorespiratory training as the subjects of Mayhew's research, and 
therefore, were in closer agreement to his reported mean optimal speed 


of running. 


Maximal Oxygen Consumption 


Table 2 showed the mean relative maximal oxygen consumption for 
the four subgroups under study. The individual values are given in 
Tables 41, 42, 43, and 44, Appendix F. 

The Vo. max values obtained were in agreement with the range of 
values reported by Mathews and Fox (48) as normal for male and female 
university students of these ages. Since fitness rankings were based 
on the percentage of maximal oxygen consumption at the onset of 
metabolic acidosis rather than the more tradition Vo, max, the mean 
values of Vo, max may be misleadingly low for the "high fit" groups and 
misleadingly high for the 'low fit' groups. 

A possible source of error in the maximal oxygen consumption data 
was that it is difficult for individuals of relatively low physical 
activity to push themselves to Vo 7 MAX, Since such levels of stress are 


uncomfortable and unfamiliar. The maximal heart rate data (Table 2) 
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supports this contention since the low fit individuals had lower 
maximum heart rate than should be expected (48, p.472). Since Vo, max 
data was not of primary importance the impact of this error on the 


total study was minimal. 


The Onset of Metabolic Acidosis 

Table 2 showed the mean speeds at the onset of metabolic acidosis, 
the mean relative oxygen consumptions while at that speed, during the 
maximal oxygen consumption test, and the mean percentages at maximal 
ee consumption at the onset of metabolic acidosis for the four 
groups subsequently assigned. The individual values are given in 


Tables 45, 46, 47, and 48, Appendix F. 
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The one-way analysis of variance of the treadmill speed at the. 


onset of metabolic acidosis showed a significant difference in the four 
groups. A Scheffe Test revealed that there was a_ significant 
difference between groups of high and low fitness in the onset of 
metabolic acidosis regardless of sex. There was no significant 
difference between the sexes of similar fitness. Once again the 
one-way analysis of variance of the relative oxygen consumption at the 
onset of metabolic acidosis was congruent to the results of treadmill 
speed. A Scheffe Test revealed that there was a Significant difference 


between high and low fitness groups. There was no significant 
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difference between the males and females of similar fitness level. The 
onset of metabolic acidosis occurred at a significantly higher level in 
subjects of high fitness than in subjects of low fitness. 

Since studies that have examined the onset of metabolic acidosis 
during locomotion on a treadmill have used oly highly trained athletes 
no data of direct similarity in fitness was available. However some 
inferential analysis was possible. Volkov et al (69) determined the 
running speed corresponding to the "threshold of anaerobic metabolism", 
characterized by an abrupt increase in arterial blood lactate above 
resting levels, for four highly experienced middle distance runners 
between 21 and 29 years of age. Subjects that had trained at’ different 
intensities and frequencies, similarly, exhibited considerable 
differences in the speed necessary to initiate lactic acidosis. These 
critical speeds varied from 156 to 204 metres per minute or 9.4 to 12.3 
kilometres per hour. These values may be compared favorably with the 
high fit male group at the onset of metabolic acidosis which ranged 
from 152 to 183 metres per minute or 9.1 to 11.0 kilometres per hour. 
As well, the high fit males under study displayed fairly similar values 
of maximal oxygen consumption to those reported by Volkov et al. (69). 
The corresponding speeds at the onset of metabolic acidosis for the low 
fit group of males and both groups of females were lower than the high 


fit male group on the average. Of note was the finding that the high 
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fit female group demonstrated a greater delay in the onset of metabolic 
acidosis in terms of treadmill speed than the low fit male group. This 
finding appeared to parallel similar findings in terms of maximal 
oxygen consumption and many performance variables in which highly 
trained female subjects may exceed untrained males. 

The present results for the relationship between the onset of 
metabolic acidosis and maximal oxygen consumption were in agreement 
with past literature. Several studies (22,23,40,59,73,76,77) have 
shown that the onset of metabolic acidosis occurred at approximately 
45 - 55 percent of maximal oxygen consumption in the untrained 
subjects. In the present study the untrained male subjects were, on 
the average, at the onset of metabolic acidosis at 44% of their maximal 
oxygen consumption and the female untrained groups were at 52%, both in 
agreement with engine studies. The high fit group of males were om 
the average, at the onset of metabolic acidosis at 63% of their maximal 
oxygen consumption while their female counterparts were on the average, 
at the onset of metabolic acidosis at 66.5% of their maximal oxygen 
consumption. These values were in agreement with the works of Green et 
al. (37) and Nagle et al. (53) who found that the onset of metabolic 
acidosis occurred at approximately 60 - 75 percent of maximal oxygen 


consumption in the physically active, non-endurance athlete. 


iS 


ol icHaten Fo Joan) ot wskSt ala 6 Paewencet quays: 


it kl 
ster Jquesh Sisin. 353 wol of Wie Ree Leniies a0 aera a 


\ ; 
femal Mech Ts £yo* 27 eM y 5 Slinis {efieaag ov cere 


p ham Bf > 


eiffel doisiw Os. aPiceiapy SoreyitoOs isd ssi rss os rc 
=~ } 

2olant SSReeny Geeks yom extae Pde odes 

os seer ght) aswired *qiudenometisy 2m Bi lies snsoerse’ 


rah | a 
Anaicoive Sk esew -cfjamieioo fete iia tote siachion 5 
oan (OC (ot 20.02, 0h FS SS) Peerage, ieievss 4 ds eds, . 


Viewamt dontis 36 Bartic= AieObLbe niiodgwet® Se teaho set 4 
| 3 i golyqnenod ) eepyse faqs 36 seemed 
iy deyow etostdue Slew bentagan Sis. tute ei ett a ia 
teatsee isd 20 964 Ja ekeobips slicda kyl JO Semao srt sa y 22 
Ae Heer! (oct 4c, ciew ehuctio Bea ese banana ott Pe. a} b= a 
RS Hie 2olem Ie qucse ot Mey, ont | _egibose wae dghw 4 
termina Visits 20/820 Je vay divi tw Regs 6g 4 
yerisue ld ips evan Bh: $b sdighitio Bart tae ~elidw a 

aero anise Tis 10° ¢ieee 8 ebetkits at Lorkstem 5 
dee G0 cae a i a dled ae 
Riiodeasn fo isa oiy suit ndpa, “eat tLe) te +e 6: 
SS torn 26 arson E648 adn ut aa: 


- 


eStaltisn iad ote tee a 


76 


The Optimal Speed of Walking and the Speed at the Onset of Metabolic 
ee ee ES eee Visee Ob pe ranol ic 


Acidosis 


Figure 2 contained the mean optimal speeds of walking and at the 
onset of metabolic acidosis for the four groups. 

The results of the statistical analysis of the optimal speed of 
walking showed no statistically significant difference between fitness 
groups or between males and females in the selection of an optimal 
speed. Regardless of fitness level males and females tended to select 
an optimal speed of walking that was similar. In contrast, the 
statistical analysis of the speed at the onset of metabolic acidosis 
showed that there was a significant difference between high and low 
fitness groups. High fit individuals had significantly higher levels 
of treadmill speed at the onset of metabolic acidosis than did low fit 
individuals. There was no significant difference between males and 
females of similar fitness implying that the difference in the mset of 
metabolic acidosis between high and low fitness groups was unaffected 
by sex. 

There were statistically significant differences between the 
treadmill speed at the optimal speed of walking and at the onset of 
metabolic acidosis within all four groups. There was no similarity in 
these measures within any of the four groups. 

The results of the statistical analysis for the difference between 
the optimal speeds of walking and the treadmill speed at the onset of 


metabolic acidosis showed that there was a statistically significant 
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difference between the speed at the onset of metabolic acidosis and the 
chosen optimal speed of walking. The optimal speeds of walking were 
Significantly below those at the onset of metabolic acidosis. PES yaStS 
research has shown that the lower limit for normal individuals of 
elther sex, and all age groups appears to have been the same (22,73). 
This lower limit was at an oxygen consumption level equivalent to a 
consumption for a typical adult to walk at approximately 4 kilometres 
per hour. It would appear that none of the groups of the present study 
had their onset of metabolic acidosis at this minimum level. 

There was a significant difference between fitness groups in the 
selection of the optimal speed of walking and the relationship to the 
onset of metabolic acidosis speed. The low fitness groups had their 
speeds at the onset of metabolic acidosis nearer their optimal walking 
speeds, though not statistically significant. There existed a 
Statistically significant difference between the high fit males and 
high fit females, but not between the low fit males and low fit 
females, implying that sex differences in the selection of an optimal 
speed of walking and the speed at the onset of metabolic acidosis 


occurred at the upper end of the fitness rankings and not the lower 


end. 


The Optimal Speed of Running and the Speed_at_ the Onset of Metabolic 


Acidosis 
Figure 3 contained the mean optimal speeds of running and at the 


onset of metabolic acidosis for the four groups. The results of the 
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statistical analysis of the optimal speed of running showed a 
significant difference between the high fit males and low fit females. 
There was no statistical difference between any of the other groups. 
Either the selection of an optimal speed of running was relatively 
unaffected by fitness level and sex, or, there was inaccuracy in the 
selection of an optimal speed of running for some individuals. The 
statistical analysis of the treadmill speed at the oset of metabolic 
acidosis showed that clearly there was a significant difference between 
high and low fitness groups. There waS no significant difference 
between males and females of similar fitness levels. 

There was a Statistically significant difference between the 
treadmill speed at the optimal speed of running and at the onset of 
metabolic acidosis within the low fit male group. Both high fitness 
groups and the low fit female group showed no significant difference in 
these two measures of treadmill speed. Or conversely, the optimal 
speed of running and the speed at the onset of metabolic acidosis were 
essentially the same in these three groups. 

The results of the statistical analysis for the difference between 
the optimal speeds of running and the treadmill speed at the mset of 
metabolic acidosis showed that there was a statistically significant 


difference between the speed at the onset of metabolic acidosis and the 


chosen optimal speed of running. 
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There was a significant difference between high and low fitness 
groups in the selection of the optimal speed of running and the 
relationship to the onset of metabolic acidosis speed. The congruence 
between the treadmill speeds of optimal running and the onset of 
metabolic acidosis were greater for the groups of high fitness. Since 
a significant difference existed between the male and female high fit 
groups, and not between the low fit groups, the selection of an optimal 
speed of running was not affected by sex differences at the low fitness 
levels. 

The selection of an optimal speed of running compared to the speed 
at the onset of metabolic acidosis was primarily determined by fitness 
and minimally affected by sex. The higher the onset of metabolic 
acidosis percentage of maximal oxygen consumption the less the 
difference between the speed at the onset of metabolic acidosis. The 
high Seaneis individuals were more able to subjectively select an 
optimal speed of running that maximized aerobic metabolism without a 
significant build up of lactic acid than were the individuals of lower 
fitness. Individuals of long experience in physical training are 
better able to utilize perception of effort in decision making about 
selection of exercise intensity (52). They were more accurate in 
gauging an optimal pace than were individuals of low fitness. The low 
fitness individuals tended to vastly overestimate an optimal running 


pace based upon data of their onset of metabolic acidosis. 
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Despite considerable research on the topic, the mechanism by which 
individuals perceive the intensity of exertion during exercise remains 
unknown. The research suggests that self-awareness of exercise cost is 
best viewed within a psychophysiological context. It has been proposed 
that psychophysiological awareness (effort sense) of exercise cost 
governs the elicitation of maximal endurance performance or in 
maintaining a given pace, is a cognitive-perceptual process which 
involves the integration or totality of cues being processed by the 
exercising organism (52). 

A study conducted by Purvis and Cureton (57), following the data 
collection of this study, found that young men and young wamen 
perceived an exercise intensity equal to the onset of metabolic 
acidosis as 'somewhat hard' on the Borg scale (9). ‘They reasoned that 
the similar perception of the exercise intensity corresponding to the 
onset of metabolic acidosis by different individuals makes it possible 
to prescribe an exercise intensity equivalent to the onset of metabolic 
acidosis using ratings of perceived exertion. 

The whole area of perceived exertion requires much more research 


and further analysis of the topic is beyond the scope of this study. 


The Oxygen Consumption of Optimal Speed Walking and at the Onset of 
Metabolic Acidosis 
Figure 4 contained the mean relative oxygen consumption at the 


optimal speed of walking and at the onset of metabolic acidosis. The 
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results of the statistical analysis of the relative oxygen consumption 
at the optimal speed of walking showed no statistically significant 
difference between fitness groups or between males and females. 
Regardless of fitness level, males and females tended to select an 
optimal speed of walking, with a corresponding oxygen consumption, that 
was Similar. The selection of an optimal speed of walking or the 
relative oxygen consumption at the speed of walking was unaffected by 
fitness level or sex. In contrast, the statistical analysis of the 
relative oxygen consumption at the onset of metabolic acidosis revealed 
that there was a significant difference between high and low fitness 
Arogeeie High fit individuals had significantly higher relative oxygen 
consumption levels at the onset of metabolic acidosis than the low fit 
individuals. There was no significant difference between males and 
females of similar fitness implying that the difference in the onset of 
metabolic acidosis was unaffected by sex. 

There were statistically significant differences between the 
relative oxygen consumption at the optimal speed of walking and at the 
onset of metabolic acidosis within the high fit male group, the high 
fit female group, and the low fit female group. There was no 
statistically significant difference between these two measures in the 
low fit male group. ly the low fit male group demonstrated a 
relationship between the onset of metabolic acidosis in terms of 
relative oxygen consumption and the relative oxygen consumption at the 


optimal speed of walking. Since this relationship between optimal 
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speed of walking and the onset of metabolic acidosis was not reflected 
in treadmill speed at these measures, and since speed and oxygen 
consumption are directly related, the significance of this finding is 
most likely minor. 

The results of the statistical analysis for the difference between 
the relative oxygen consumption at the optimal speed of walking and the 
the onset of metabolic acidosis showed that there was a statistically 
Significant difference between the oxygen consumption at the optimal 
speed of lie ne, and the oxygen consumption at the onset of metabolic 
acidosis. 

The findings of relative oxygen consumption parallelled the 
findings of treadmill speed at the optimal speed of walking and the 
onset of metabolic acidosis. The significant difference between high 
and low groups may be attributable to a greater proximity of the 
optimal speed of walking and the onset of metabolic acidosis for low 
fitness groups. There existed no statistically significant difference 
between high fit males and high fit females and between low fit males 


and low fit females implying no significant sex difference between 


subjects of similar fitness. 


The Oxygen Consumption of Optimal Speed Running and at the Onset of 
Metabolic Acidosis 
Figure 5 contained the mean relative oxygen consumption at the 


optimal speed of running and at the onset of metabolic acidosis. The 
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results of the statistical analysis of the relncive oxygen consumption 
at the optimal speed of running showed only a significant difference 
between the high fit males and low fit females. This would suggest 
that either the selection of an optimal speed of running, and its 
corresponding oxygen demands, was relatively similar in males or 
females of high and low fitness or, there was inaccuracy in the 
selection of an optimal speed of running for some individuals as 
previously discussed. The statistical analysis of the relative oxygen 
consumption at the onset of metabolic acidosis showed that there was a 
Significant cine reas between high and low fitness groups. There was 
no significant difference between males and females of similar fitness 
levels. 

There were statistically significant differences between the 
relative oxygen consumption at the optimal speed of running and the 
onset of metabolic acidosis within both the low fit male and low fit 
female groups. There was no significant difference between the 
relative oxygen consumption at the optimal speed of running and the 
onset of metabolic acidosis within either the high fit male or high fit 
Female groups. In other words, the measured onset of metabolic 
acidosis and the subjectively determined optimal speed of running, in 
terms of treadmill speed and relative oxygen consumption, showed no 


discernible differences, by the statistical treatments employed, for 


both high fit groups. 
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The results of the statistical analysis for the difference between 
the relative oxygen consumption at the optimal speed of running and the 
onset of metabolic acidosis showed that there was a statistically 
Significant difference between the oxygen consumption at the optimal 
speed of running and the onset of metabolic acidosis. 

As with treadmill speeds for these two variables there was a 
Significant difference between fitness groups. The high fitness 
individuals were better able to select an optimal speed of running, 
with a corresponding oxygen consumption, that maximized aerobic 
metabolism with minimal lactate build up than were low fit individuals. 
Much of this difference between fitness groups was likely a result of 


inaccurately perceived levels of exertion by the low fit individuals. 
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The Selection of the Optimal Speed of Running in Relation to the Onset 


of Metabolic Acidosis and Fitness Level 
The selection of an optimal speed of running by the subjects under 


study was compared to the treadmill speed at the onset of metabolic 
acidosis during the progressive intensity exercise test to maximal 
oxygen consumption. The optimal running speed was expressed as a 
percentage of the treadmill speed at the oset of metabolic acidosis to 


determine the extent to which fitness rankings and sex had a bearing ™m 


the proximity of these two measures. 
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Figure 6 illustrated this relationship between the optimal epee 
of running and the onset of metabolic acidosis as mean data values. 
All fitness groups, on the average, selected optimal speeds of running 
that were in excess of the treadmill speeds at the onset of metabolic 
acidosis. Clearly however, the high fitness groups selected optimal 
speeds of running that were closer to their onset of metabolic 
acidosis. Table 3 showed that fifty percent of the high fit males 
selected an optimal speed of running that was + 10% of the speed at the 
onset of metabolic acidosis and that seventy percent of the high fit 
females chose an optimal speed of running in the same range. In 
contrast, at least seventy percent of both groups of low fitness 
selected optimal speeds of running that were in excess of 115% of the 
treadmill speed at the onset of metabolic acidosis. 

Costill et al. (16) and Farrel et al. (32), found that regardless 
of the competitive level, the highly trained endurance athlete could 
maintain an average velocity during a marathon which was only slightly 
above his onset of plasma lactate accumulation (OPLA). Similarly the 
high fit subjects under study selected optimal speeds of running that 
were only slightly above, or immediately near, the speed at the set 
Of metabolic acidosis. 

There was no statistically significant difference between the 
sexes in relation to the selection of an optimal speed of running as 


compared to the speed at the onset of metabolic acidosis. The 
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proximity of the optimal speeds of running and the mset of metabolic 
acidosis leads one to hypothesize that the most comfortable speed of 
running could be used as an effective training stimulus for high fit 
males or females. 

The low fitness individuals appeared to greatly overestimate their 
optimal speed of running in relation to their onset of metabolic 
acidosis. This overestimation of optimal running speed further 
substantiates the role perceived exertion likely plays in the selection 
of optimal pace. The inability of inactive individuals to accurately 
gauge their intensity of physical activity necessitates supervision of 
low fitness individuals at the outset of fitness programs and longer 
periods of familiarity in the research setting. By increasing the 
awareness of inactive indi vadhal’s to more accurately gauge exercise 
intensities the use of the most comfortable speed of running could also 
be used as an effective training stimulus for low fit individuals. 

Since maximization of energy expenditure is a prime concern of 
exercise programs for weight reduction, and a common reason for low fit 
individuals to get involved in an exercise program, a _ training 
intensity near the onset of metabolic acidosis should be ideal for 


maximizing energy expenditure while delaying fatigue. 


The Power Output at Maximal Oxygen Consumption 


The results of the two way analysis of variance on the power 
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output data at maximal oxygen consumption with the factors being sex; 
male and female, and fitness; high or low coe that there was no 
statistically significant difference between fitness groups in power 
output at maximal oxygen consumption. There was, however, a 
Statistically significant difference between males and females in power 
output at their maximal oxygen consumption. The males' power output 
was Significantly higher than the females' power output. This was 
largely due to the natural imbalance of lean body tissue between males 
and females. The naturally greater percentage of adipose tissue in 
women has been shown to decrease performance in relatively prolonged 
weight bearing work such as distance running. The greater amount of 
adipose tissue which does not contribute to the body's energy producing 
capacity acts as a burden, and therefore, the ability to perform any 
given level of work is reduced (17). The consequences being, maximal 
oxygen consumption was elicited at a lower rate of work, and the pace 
that could be maintained for a given period of time was negatively 


affected. 
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CHAPTER 5 


SUMMARY AND CONCLUSIONS 


Summary 

The purpose of this study was (1) to determine the optimal speeds 
of walking and running which were chosen by the subjects as their most 
comfortable speeds and the steady state oxygen consumption at these 
speeds during a 6 minute test, and (2) to determine the onset of 
metabolic acidosis by the respiratory exchange method of a minimum in 
the ventilatory equivalent for oxygen during a maximal oxygen 
consumption test. 

The first session served as a familiarity one for each subject. 
Each subject walked and ran on the treadmill at several speeds which 
served to reduce anxiety associated with the treadmill. 

The purpose of session 2 was to subjectively determine (a) the 
optimal speed of walking, (b) the optimal speed of running, as well as, 
(c) the steady state oxygen consumption at these speeds. In addition, 
the percentage of body fat on each subject was estimated using the 
hydrostatic method. 

The third testing session for each subject was the determination 
of their maximal oxygen consumption and onset of metabolic acidosis 


represented by the minimum of the ventilatory equivalent of oxygen. 
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The data collected was subsequently used to divide the 40 subjects 
into 4 groups based upon sex and fitness which was represented by their 
percentage of maximal oxygen consumption at the onset of metabolic 


acidosis. The data of these 4 groups was analyzed by one and two-way 


analysis of variance. 


Conclusions 
Within the limitations of this study the following conclusions 


seemed justifiable: 


(1) There was no significant difference in the selection of an 
optimal speed of walking, or the relative oxygen consumption 
at that speed, in males and females of high and low fitness 


levels. 


(2) ~ There’ was a significant difference in the selection of an 
optimal speed of running, and the relative oxygen consumption 
at that speed, between the high fit males and the low fit 


females. 


(3) The speed and relative oxygen consumption at the onset of 
metabolic acidosis was Significantly higher in the high 
fitness groups than the low fitness groups. ‘There was no 


significant difference between males and females. 
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(4) The speed and relative oxygen consumption at the optimal 
speed of walking was significantly below the speed and 
relative oxygen consumption at the onset of metabolic 


acidosis. 


C5) The speed and relative oxygen consumption at the optimal 
speed of running was not significantly different from the 
speed and relative oxygen consumption at the onset of 
metabolic “acidosis. in the high £it males’ or, high fit 


females. 


(6) The males' power output at maximal oxygen consumption was 


Significantly higher than the females' power output. 


Recommendations for Further Research 

More research is necessary to determine the differences in 
training effectiveness around the onset of metabolic acidosis, the 
degree of training that can occur to the onset of metabolic acidosis, 
and what types of training provide the best results. 

An additional topic that surfaced from this study, that of 
perceived exertion, needs to be further researched as to the role it 
plays in the selection of an optimal pace whether walking, running, 


cycling swimming or any activity of a physical nature. Perhaps this 
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area of psychophysiology may hold some answers into better training 
techniques, as to how an athlete may improve after physical abilities 
have apparently plateaued, or how top-level athletes are able to block 


out psychological feedback to continue at very high intensity levels. 


a eo a” 
aC } : > ‘- - — 
Tage 
I a : > A 
ca a a n 
é wv) ; 
9 . 
= Oo 
ce 
+ 
® 
' “< 7 
i + ! an 


eninkess Yassed gan slows anaes pial uit 


apiai bids cece 182% voi yen ecalitas, a8 
Socal C4 oidg 235 Besoisite caval ey wort 1 teases get yh: 


ane 
~~ 
j 


,2isvel TlienGoly MHZ W's Se iat aah om emit 


ie 


BIBLIOGRAPHY 


Ariyoshi, M., Yamaji, K., and Shephard, R.J.; Influence of Running 
Pace Upon Performance: Effects upon Treadmill Endurance Time and 


Oxygen Cost; European Journal of Applied Physiology, Vol. 41: 83 - 
9141979. 


Astrand, P., and Rodahl, K.; Textbook of Work Physiology; Toronto: 
McGraw Hill Book Co., 1977. 


Beaver, W.L., Wasserman, K., and Whipp, B.J.; On Line Computer 
Analysis and Breath by Breath Graphical Display of Exercise 


Function Tests; Journal of Applied Physiology, Vol. 34: 128 - 132, 
fo 7 36 


Berger, M., Hagg, S., Goodman, M., and Ruderman, N.; Glucose Metab- 
olism in Perfused Skeletal Muscle; Biomechanical Journal, Vol. 158: 
191 - 202, 1976. 


Bhambhani, Yagish; The Energy Cost of Level Walking and Running in 
Females and Males; M.Sc. Thesis, University of Alberta, Edmonton, 


Alberta, 1979. 


Blessey, R.L., Hislop, H.J., Walters, R.L., and Antonelli, D.; 


Metabolic Energy Cost of Unrestrained Walking; Physical Therapy, 
Vol ..456: 1019 — 1024,..1976. 


Bobbert, A.C.; Energy Expenditure in Level and Grade Walking; 


Journal of Applied Physiology, Vol. 15: 1015. — 1027, 1960. 


-92- 


pylivif 30 oocmul i 


int antl Aesabeal (fie wt Lise y aon 


ae ee <a) skeet <a taal 
SEL - bE. 1gV hae Ee 2 San Be 


; ro te: Hd [x ; al ane oR . at been a 


nt gebaws os gabtiaw, teved: 28 se pee at 
wearers ,atuadin Io nen” BM 
ah 


| al as J 8 


tel pei lores ne culsl a" 


‘Mb Ioas iat eye Viger hot eat 


oer ,fehx 3 alga sah ead te: 


ue 


ea 


10. 


ii. 


He, 


13. 


14. 


ae 


16. 


Boje, O.; Energy Production, Pulmonary Ventilation, and Length of 


Steps in Well Trained Runners Working on a Treadmill; Acta 


Physiological Scandanavica, Vol. 7: 362 — 375, 1957. 


Borg, G.A.; Perceived Exertion: A Note on "History" and Methods; 
Medicine and Science in Sports, Vol. 5: 90 - 93, 1973. 


Booyens, J. and McCance, R.A.; Individual Variation in Expenditure 
GElmnergy >: ThaesLancet ,. VOl.°2/2:..225 —. 229 7..1957, 


Bransford, D.R. and Howley, E.T.; Oxygen Cost of Running in Trained 
and Untrained Men and Women; Medicine and Science in Sports, Vol. 


Brozek, J., Grande, F., Anderson, J., and Keys, A.; A Densitometric 
Analysis of Body Composition: Revision of some Quantitative 
Assumptions; Annals of New York Academy of Science, Vol. 110: 113 - 


140, 1963. 


Cavanagh, G.A., Saibene, F.P., and Margaria, R.; External Work in 


Walking; Journal of Applied Physiology, Vol. 18: 1 - 9, 1963. 


Clarke, David H.; Exercise Physiology; ‘Toronto: Prentice Hall, 
VESTS 


Clode, M., and Campbell, E.J.M.; The Relationship Between Gas 
Exchange and Changes in Blood lactate Concentrations During 


Exercise; Clinical Science, Vol. 37: 263 - 272, 1969. 


Costill, D.L., Thomason, H., and Roberts, E.; Fractional» Utiliza= 
tion of the Aerobic Capacity during Distance Running; Medicine and 


Science in Sports, Vol. 5, No. 4, Pp. 248 — 252, 19735 


20 


| 7, : 


Vay - aan My Lis foe a 


i + i , 

) a : 7 

| : 7 , - a ¥ 
$5 dipae) Ste .cotsslions) vases EN SQUROTT ee > 

| (Liinibees? ¢ no cabelas bonds xt Ate at 


sire ee = Set af iv -_- nh ; 


P 


£04. ae 


whcise hha’ “ystheett” ob Sha A <aelsaar’ . 
u 7 " —_ - 
Dim ie 4 3 ok Gael = hap we Eee Soe z 


ut? = 


~ Se _— : 
gecysleecod ma nortan Leubbyipd) past Soe Has ' 


VEEL OCS OR GEIS ay ee 


HPawcr. fu pila 4 > ENO ee cre ectt S06 © nh 


“fav \asgdg® fk saw 2 Salient Pra htt eet 
| ired: cade 


Sr1ISsOSiars A week Ri J x6 Pe: pees Ar Sine paike 

avivetittn® =e Fo AOR aiaiaantagath hana xt 

: Sones? Sy PER ee ee 20 See te 
: 

a xsl Lentepie’ aie ig tie Ni cco 


A 321° =f 2Bl - tei? riter< 1-5 pbeacke , 20 . Lar 


£28 wistet ae ee Le He 


apy V2 sled 
en Teawieh gilencitefed oii) beset vilecqms? 
BUC stelinaensned \wesoet boots ele et 

mel iS +s 


17. 


ie. 


1s 


20. 


21. 


22. 


23. 


24. 


94 


Cotes, J.E., and Meade, F.; The Energy Expenditure and Mechanical 
Energy Demand in Walking; Ergonomics, Vol. 3: 97 - 110, 1960. 


Craig, A.B. and Ware, D.; Effect of Immersion in Water on Vital 
Capacity and Residual Volume of the Lungs; Journal of Applied 
Physiology, Vols’ 23:25432,<1967% 


Cureton, K.J., Hensley, L.D., and Tiburzi, A.; Body Fatness and 
Performance Differences Between Men and Women; Research Quarterly, 
NOI. D0:. 333" ='340, 1979. 


Cureton, K.J., and Sparling, P.B.; Distance Running Performance and 
Metabolic Responses to Running in Men and Women with Excess Weight 
Experimentally Equated; Medicine and Science in Sports’ and 


ee ES 


Exercise, Vol. 12, No. 4, po. 288 - 294, 1980. 


Daniels; 4s Webs, onarp, *D.S¢, “Bascik, “D.,, and” Kowel,. DeM.; Lactic 
Accumulation in Runners and Non-Runners During Steady State; 
Abstract in Medicine and Science in Sports and Exercise, Vol. 12: 


87, 1980. 


Davis 7 J. A. v Vodak, P. v Wilmore, Je H. a Vodak, Je v and KULeZ, P. 7 


Anaerobic Threshold and Maximal Aerobic Power for Three Modes of 


Exercise; Journal of Applied Physiology, Vol. 41: 544 - 550, 1976. 


Davis, J.A., Frank, M.H., Whipp, B.J., and Wasserman, K.; Anaerobic 
Threshold Alterations Caused by Endurance Training in Middle Aged 


Men; Journal of Applied Physiology, Vol. 46: 1039 —- 1046, 1979. 


Davis, J.A., Whipp, B.J., and Wasserman, K.; The Relationship of 
Ventilation to Metabolic Rate During Moderate Exercise in Man; 


European Journal of Applied Physiology and Occupational Physiology, 


Vol. 44: 97 - 108, 1980. 


| ifort ene 
. _* a as 
ne ye Mage 
: — 


pained volt bee art: anu Bish oft a7 vier a. 
Oper |, Gti a — pth mae 


airy oe 7 


fesi7 mo seh ni rotewed Ie tpedtd ye “aie ‘bas As ve 
baiieen 3a Lantus; <2oet a Be er. Leaitock? be +8 


‘ \ ; 7 - 7 ) 


~ 


ie seoriset 1ybea yA lt STE Rete, 4 <lhed select ep br 
izeeaseD ogepaed «canta, he ati sigonprrecl pxcnomerake. ee 
ea -ereL age > ee ni J 
ye! 

yr Sante, “34 phan? sonbiedl 44.4 ‘et ana a «stad 
{pL lene? dew pene Soe ne ae brrWUA Ge ik ee a fod = 
16 SP aye sth Sane ES ol E10 nat eg na 

Dee! aes Mee Ask to 


i Be. 


& 


»° 35h: ; liye deems ees ‘ <a ite veal serv el 
weve ~oeade chaittd 2% Bea bo “(ia evans voll 


$41 .f0V , cel yaees free pee At ee ge, ee 
. eh a — lean eo — : ion : . : ae 


re aby. 

vy Hi: Ser 
t.4 oR OM vem “ah wake pnt sh a 
qe gett Sarat? yw? et o | Ss Sepiknel Gis 
-HTel ,U2e = bai tab ia VRC 


Siskerrase? (.t ery auee fae a 
" Gop oibsin cguzaieenh a aa 
ene? .ROl ~ bEOL wR a 


) AL 
‘oy 
. He ey Raeney : 
7 : : 


256 


26. 


27. 


28. 


29. 


30. 


or 


32. 


Denton, R., and Hughes, W.; Pyruvate Dehydrogenase and the Hormonal 


Regulation of Fat Synthesis in Manmalian Tissues; International 


Journal of Biochemistry, Vol. 9: °° 585°— '552-091978= 


Dill, B.; Oxygen Used in Horizontal and Grade Walking and Running 


on the Treadmill; Journal of Applied Physiology, Vol. 20: 19 - 20, 
1965. 


Durnin, J.V.G.A., and Namyslowski, L.; Individual Variation in the 


Energy Expenditure of Standardized Activities; Journal of 


Puysrology, Vol.9 1455 573°=9578, 1958. 


Elliott, B.C., and Blanksby, B.A.; Optimal Stride Length Considera- 


tions for Male and Female Recreational Runners; British Journal of 


Sports Medicine, Vol..13: 15 — 18, 1979. 


Erickson, Le, Simonson, E., Taylor, H.L., Alexander, H., and Keys, 
A.; The Energy Cost of Horizontal and Grade Walking on the Motor 


Driven Treadmill; American Journal of Physiology, Vol. 145: 391 - 
401, 1946. 


Essen, Brigitta; Studies on the Regulation of Metabolism in Human 


Skeletal Muscle using Intermittent Exercise as an Experimental 


Model; Acta Physiologica Scandinavica, Supplementum 454, 1978. 


Falls, H.B., and Humphrey, D.L.; Energy Cost of Running and Walking 
in Young Women; Medicine and Science in ‘Sports , #VOlsS 3 2294 =" 13; 


1976. 


Farrel, P.A., Wilmore, J.H., Coyle, E.F., Billing, J.E., and 
Costill, D.L.; Plasma Lactate Accumulation and Distance Running 


Performance; Medicine and Science _in Sports, Vol. ll, No. 4, pp. 
Medicine and _Science_1in Sports 


2D 


heal oe 


hecexrz0f oft ire aiattecentabal aiavunyg 5 W. eal 


demoigsnissot -Bouexe? i) i Larne > Riasadene et 
uo] aCe me ehe 12 eV", live ae 5 


pce 


= 


me a 
wiiAmok ore iite Ley ahead be dstooe lok me 
xp! aca peat, io bana aS * 


~ oor 
Ey 


Te = @f fis 


4 ti eqeiésa aay \Bpb! vEGgs. asd (tenetechl amy a ‘. . 
40) Lenidt veced fu bare bec tbhgienn se 4 celsthdaigial 
ASL: 882 = 2h TERE Ly 

ied ane 
sistlendi ens. ootsje titi af refit i BA 
to eq. delist pela Tae oar. Lace bre. 

aren “a ~ él 21 ew 

tit bre oi Sohriama Li ‘aba? gp 7ecye> vi NORTE 5 
wos «ort np o— eet ans ein he abet 


a) 


jem ot meilocesam 30 We! 
latnemitap = 26 Sai ° 
‘BIEL 2b mutherslage 5 | 
ao Lee 


wasieten enien i ehkae pre i Bante ah 


eek ~ 0 @ cid ee: 


Ne vce gutdiie ee ae 
ean brs irs Fe ane 
‘Th Wot. ot i 


33. 


34. 


35s 


36. 


37. 


38. 


39. 


40. 


96 


Ferguson, G.A.; Statistical Analysis in Psychology and Education ; 


Toronto: McGraw Hill Book Company, 1976. 


Furusawa, K., Hill, A.V., Long, C.N.H., and Lupton, H.; Muscular 


Exercise and Oxygen Requirement; Proceedings of the Royal Society 
(London), Vol. 97: 162 - 176, 1926. 


Gehlson, G.M., and Dill, D.B.; Comparative Performance of Men and 
Women in Grade Walking; Human Biology, Vol. 49: 381 - 388, 1972. 


Girandola, R.N., and Katch, F.I.; Effect of Physical Training om 
Ventilatory Equivalent and Respiratory Exchange Ratio during Weight 
Supported Steady State Exercise; European Journal of Applied 
Physiology, Vol. 35: 119 - 125, 1976. 


Green, J., Daub, B., Painter, D., Houston, M., and Thomson, M.> 
Anaerobic Threshold and Muscle Fibre Type, Area and Oxidative 
Enzyme during Graded Cycling; Medicine and Science in Sports, Vol. 
ewes — 14 1979. 


Hogberg, P.; How Do Stride Length and Stride Frequency Influence 
the Energy Output during Running; Internationale Zeitschrift for 


Angewandte Physiologie Einschiesslich Arbeits Physiologie, Vol. 14: 


437 - 441, 1952. 


Howley, E.T., and Glover, M.D.; The Caloric Costs of Running and 


Walking One Mile for Men and Women; Medicine and Science in Sports, 


VOVTe6: 235° —F23 7791974. 


Katch, V., Weltman, A., Sady, S., and Freedson, P.; Validity of the 


Relative Concept for Equating Training Intensity; European Journal 


of Applied Physiology, Vol. 39: 219 — 227, 1978. 


tates, Pte. ypol SosyeS OS 


PURE AS 


Seluoeult }.! 7 oaut ore ta poe? ote YS ak 
yeteor leva S19. tc api j bossoss, | saiement tage prenre: 
| OBR .A0L ~ S08 STRoad 

i 
*. aL: 


ey 7 hen 


Ey fer 20 SMaiin2s S41 Sv ae valde bee: bre ee 


sel 656 =) ay 700 (a een Leases oa 


co 
i 
ae oiriot =» iy 463 pour 7 ‘J sss ; by eP . "y «foam bas ane 
SHpPISW) Diab OL RL, Series {oaeq Sppatiaeet bree snakev bape 
teilogt 6 dsm anccbae) {SSL ORI. ooh | = ad IX 
hac ae oe d 7 we. 
aren aoa “Gat xv, 


<, 


= 294 


© it , ACSI Te ‘BAB, galt (i. eH de searibe <8 dead - 2 “ 


avissbind. tas so7A Saal 22907) hand Beis Slorewna 


ema inn 


sonst Ent Yonsipes4 abit 
Sol ost ltrisetisi Sisnolteate 
Sif 4 ov as a edie , 


4l. 


42. 


43. 


44, 


45. 


46. 


47. 


oy 


Kindermann, W., Simon, G., and Keul, J.; The Significance of the 
Aerobic-Anaerobic Threshold Transition for the Determination of 


Work Load Intensities during Endurance Training; European Journal 


of Applied Physiology, Vol. 42, No. 1, pp. 25 - 34, 1979. 


Knuttgen, H.G.; Oxygen Uptake and Pulse Rate While Running with 
Undetermined and Determined Stride Length at Different Speeds; Acta 
Phys1lological Scandinavica, Vol. 52: 366 - 371, 1961. 


Linton, R.A.F., Poole-Wilson, P.A., Davies, R.J., and Cameron, 
I.R.; A Comparison of the Ventilatory Response to Carbon Dioxide by 
Steady State and Rebreathing Methods during Metabolic Acidosis and 
Alkalosis; Clinical Science and Molecular Medicine, Vol. 45: 239 - 
2a nel9 73s 


MacDougall, J.D.; The Anaerobic Threshold its Significance for the 
Endurance Athlete; Canadian Journal of Applied Sports Sciences, 


VOleeb2: 137. 140,01977. 


Mader, A., and Hollmann, W.; Bedutung der Stoffwechselleistungs- 
fahigkeit des Eliteruders im Training und Wettkampf; Leistungs- 
sportyvolnt O28. -K62, 977% 


Margaria, R., Cerretelli, P., and Aghemo, P.; Energy Cost of 


Running; Journal of Applied Physiology, Vol. 13:3 367) =2370;,, 1963. 


Martin, B.J., Weil, J.V., Sparks, K.E., McCullough, R.E., and 


Grover, R.F.; Exercise Ventilation Correlates Positively with 


Ventilatory Chemo-Responsiveness; Journal of Applied Physiology, 
Volen452i0557) — 564, 19:78. 


of Ie cotenitingiA ot? 110 heat eee 
ts anigenimisiad Std 36 niteeperel 
Jairsiot gegen? teh aiss sotaeuRee: ote 

ROPE ht ES ga at Ack Dv ¥ 


sre prinauh. sist of61 calif bht eteng bere 
Stor vebaste Uno si hit aia Vghixte pact staple 
it! VATS = eke .foN, if seat : 
| . om vi eal 
Hosens). S@s | tad parva) aha jest pe 
id etifxaiG nods oo Sesame yietek sce ents = 
One, stepbtohk: np lodayst ettaeenas 


= (RES 12h . Le? apt oebell Ea 


= 


ont. oe) soem Tape vl Gear vt 


io jJeo> yorera 3.4 {om pe 
£00k OCR + Tak “sal ied 


AS oy A QUO LTR, a 
, ealv’ cgimdonscl cot Alexcs 


. ae, 
30s 


- ee age 
Htoreii bes iagé 


ie: 


48. 


49. 


50. 


51. 


52. 


53. 


54. 


55. 


98 


Mathews, D.K., and Fox, E.L.; The Physiological Basis of Physical 


Education and Athletics; Toronto: W.B. Saunders, 1976. 


Mayhew, J.L.; Oxygen Cost and Energy Expenditure of Running in 
Trained Runners; British Journal of Sports Medicine, Vol. 1l: 116 - 
2 )-54:4977.. 


Mayhew, J.L., Piper, F.C., and Etheridge, G.L.; Oxygen Cost and 
Energy Requirement of Running in Trained and Untrained Males and 
Females; Journal of Sports Medicine and Physical Fitness, Vol. 19: 
39 - 44, 1977. 


Menier, D.R., and Pugh, L.G.C.E.; The Relation of Oxygen Intake and 
Velocity of Walking and Running in Competitive Walkers; Journal of 
Physiology, Vol. 197: 717 - 721, 1968. 


Morgan, William P.; The Psychophysiology of Self-Awareness During 


Vigorous Physical Activity; Research Quarterly for Exercise and 
Sport ,CVol. 5228885 4— 427; 1981. 


Nagle, F., Rabinhold, 0., Howley, E., Daniels, J., Baptista, G., 
and Stoedefalke, Ke; Lactic Acid Accumulation during Running at 
Submaximal Aerobic Demands; Medicine and Science in Sports, Vol. 2: 


#32 +9186, 1970. 


Naimark, Arnold, Wasserman, K., and McIlroy, Malcolm B.; Continuous 


Measurement of Ventilatory Exchange Ratio during Exercise; Journal 


of Applied Physiology, Vol. 19, No. 4, pp. 644 - 652, 1964. 


Newsholme, E.; The Regulation of Intracellular and Extracellular 


Fuel Supply during Sustained Exercise; Annals of New York Academy 
of Science, Vol. 301: 81 - 91, 1977. 


Settee 36. ctent Sua Leia aeons Kuta 
tot OLY ectabni ie Shai slain, 


ni ontanin’ Jo siustinropal igre ane va 


-~Bif =: cicvV) (Se010" es abe Ao Asses 


~ A ‘ 
Sty, 
ol '. feo). nerve) 5 Pn ieee, Soh rasta Ore * ee ; 


ati tee Pa 
. 5 lav 


ons skein neNKO So oe seLer Ab yeas OUT | edie tede 
= Lapsiot. :sstiéw avi zi sean nl painnda be: “46 y3iool 


>» ei IST ~ er AOL EN 


ofitiyne? “a zotioueemt tel. Sa one ba ‘e 


SiS Seinen) wee yintecaaud 


10. shletogel yAb sealers 
16 palineet ari: poss borskity 


56. 


Dy. 


58. 


29. 


60. 


6l. 


62. 


63. 


Pollock, M.L., Jackson, A.S., and Pate, R.R.; Descriminant Analysis 
of Physiological Differences Between Good and Elite Distance 
Runners; Research Quarterly for Exercise and Sport, Vol. 5l: 521 - 
532, 1980. 


Purvis, J.W., and Cureton, K.J.; Ratings of Perceived Exertion at 
the Anaerobic Threshold; Ergonomics, Vol. 24: 295 - 300, 1981. 


Ralston, H.J.; Energy Speed Relation and Optimal Speed during Level 


Walking; Internationale Zeitschrift for Angewandte Physiologie 
Einschliesslich Arbeits Physiologie, Vol. 17: 277 - 283, 1958. 


Reinhard, U., Muller, P.H., and Schmulling, R.M.; Determination of 
Anaerobic Threshold by Ventilation Equivalent in Normal 
Individuals; Respiration, Vol. 38: 36 -— 42, 1979. 


Rusko, H., Rahkila, P., and Karvinen, E.; Anaerobic Threshold, 


Skeletal Muscle Enzymes and Fiber Composition in Young Female 


Cross-Country Skiers; Acta Physiologica Scandinavica, Vol. 108: 
263° —" 268;,' 1980; 


Sargent, R.M.; The Relation Between Oxygen Requirement and Speed in 


Running; Proceedings of the Royal Society (London), Vol. 100: 10 - 


227 29266 


Sellers, W.R.; The Energy Cost of Zero Grade Running Related to 
Exercise Prescription for Body Weight-Control; Ed.D. Thesis, Boston 
University, Boston, Massachusetts, 1973. 


Shepard, R.J.; A Nomogram to Calculate the Oxygen Cost of Running 


at Slow Speeds; Journal of Sports Medicine _and Physical Fitness, 


Vol. 9: 10 - 16, 1969. 


eh) 


@ 


y 


ateytens toners! ¢ 15 aT RN ARR) am 


sontsein gaits Ssinil bene rea eserieie Ne 


= ES? eff 


at Lee 


! 
yaitvesS fevisosss 10. eQraseee 7 eae SD Ae 4 sWey 
os Pee, k (= 
1882 jO0€ - 207 785150 seaman — 


feet, painnt Mege Len dg one osiiplin a xj reset (ita 
srtolote, 1." Srinuileg iA. wars Los, Saas 
ut = TYS 2! 20 \aapeliorevda 


sec IT LALA LS Be grea ere ws 


Sues (5 4 Wiaisviurs arene * Sincersett 
QVC Sb mr PReS 


Gicweoon? sidossens sh aia 
fun Mot «aay baabbader 


- 


- ton ; 
; od » TAP (2 SVENAG 


Gal. Petes. fins barons ci 
~ 80 sat ioy- ¢ 


o Pho wie 4 


: fa 


os betel ae cre seo mish | ) be 


eh ‘ | 
Sheed .cloe® .0.08 cle “i 


PRA, 30° tech eyes ait 4 


wP" i rer * 2 


= - —— 


- 


64. 


65. 


66. 


OT « 


68. 


69. 


70. 


71. 


dais 


100 


Sinning, W.E., and Forsyth, H.L.; Lower Limb Action While Running 
at Different Velocities; Medicine and Science in SOBs» VOlear2tie2s 
7 34, 1970. 


Sjodin, B.; Lactate Dehydrogenase in Human Skeletal Muscle; Acta 


Physiologica Scandinavica, Supplement 436, po. 1 - 32, 1976. 


Skinner, J.S., and McLellan, T.H.; The Transition from Aerobic to 


Anaerobic Metabolism; Research Quarterly for Exercise and Sport, 
Vou. (>1¢0234-~ 248 , 1980. 


Taylor, H.L., Buskirk, E., and Henschel, A.; Maximal Oxygen Uptake 


as an Objective Measure of Cardiorespiratory Performance; Journal 


of Applied Physiology, Vol. 8: 73 - 80, 1955. 


Van der Walt, W.H., and Wyndham, C.H.; An Equation for Prediction 
of Energy Expenditure of Walking and Running; Journal of Applied 
Physiology, Vol. 34: 559 - 563, 1973. 


Volkov, N., Shirkovets, E., and Borilkevich, V.; Assessment of 
Aerobic and Anaerobic Capacity of Athletes in Treadmill Running 


Tests; European Journal of Applied Physiology, Vol. 34: 121 - 130, 


19/2 


Wahren, J.; Glucose Turnover during Exercise in Man; Annals of the 


New York Academy of Science, Vol. 3013 455-9557 1977. 


Wasserman, K., and McIlroy, B.V.; Detecting the Threshold of 


Anaerobic Metabolism in Cardiac Patients during Exercise; The 


American Journal of Cardiology, Vol. 14: 844 - 852, 1964. 


Wasserman, K., Van Kessel, A.L., and Barton, G.B.; Interaction of 


Physiological Mechanisms during Exercise; Journal of Applied 


Physiology, Vol. 22: 71 - 85, 1967. 


- 
: + 
1 ree | ‘ 
: sy ® _ in im) 
“20 as. = 
7 
- . ~ 


Py >. 


ook ehiad angina anit teem ,,0-7 cate tine - ihe: 
Rest «tv. Seabee 5 ss SR RO 4 or wie 

Hie ~ - en = 
sish aioe ‘Yeroreck named Af ear neponitngiad soasoad ee nats 


a a ea Oe ireheieee ,soiv 


og et 
a 


ieee, v4 nba sc248% Nb roaiceap eat ? apes 
ve eet DR «et +2 Soe ele 

“9 SOO on SES SG inte? geaccntt Ter ste wh 
besuaat cf er kre ee ese Seas LPT | OMe. Bees ti yO cord they "Y 
eer oe O28 bt EON g 

ape) ones 

it & ihSyrercteaaA tev coFeaa tke e, v8 caches one 


pin” Lines ni adie 20 <dipeceD - fine caida 


hE - Bel sph » Let} pales Wa i iy ee ; 


TCH »et — OY 
fare \ 7 7 uae? 


64, 2G Slaemd yoett ob a second al m 


us 


hs 


4. 


I 


76.6 


Uae 


78. 


vo 


80. 


101 


Wasserman, K., Whipp, B.J., Koyal, S.N., and Beaver, W.L.; Anaer- 


obic Threshold and Respiratory Gas Exchange during Exercise; 


Journal of Applied Physiology, Vol. 35, No. 2, po. 236-— 243, 1973. 


Wasserman, K., and Whipp, B.J.; Exercise Physiology in Health and 


Disease; American Reviews of Respiratory Diseases, Vol. 112: 219 - 
PAI 1975s 


Weltman, A., and Katch, V.; Minute by Minute Respiratory Exchange 
and Oxygen Uptake Kinetics during Steady State Exercise in Subjects 
Of High and Low O05 Max; The Research Quarterly, Vol. 47: 490 - 
498, 1976. 


Weltman, Katch, V., Sady, S., and Freedson, P.; Onset of Metabolic 
Acidosis (Anaerobic Threshold) as a Criterion Measure of Submaximum 
Fitness; Research Quarterly, Vol. 49: 218 - 227, 1978. 


Weltman, Arthur, and Katch, Victor L.; Relationship Between the 
Onset of Metabolic Acidosis (Anaerobic Threshold) and Maximal 
Oxygen Uptake; Journal of Sports Medicine, Vol. 19: 135 - 142, 
19796 


Wenger, H.A., and Reed, A.T.; Metabolic Factors Associated with 
Muscular Fatigue during Aerobic and Anaerobic Work; Canadian 


Journal of Applied Sports Sciences, Vol. 1: 43 - 47, 1976. 


Wilke, John Thomas; Ultradian Biological Periodicities in the 


Integration of Behavior; International Journal of Neuroscience, 


Vols Fe L25 = 1435"1977. 


Wilmore, one The Use of Actual, Predicted, and Constant Residual 

Volumes in the Assessment of Body Composition by Underwater 

Weighing; Medicine and Science in Sports, Vol. 1: 87 - 90, 1969. 
Medi Cine and cies = 


i} 


ge ET yrauee bre ie RYO OI VaR 
isehersee piiwh jurado? ee Yodan Gna 


O7Or 28h = OES vag JS +t ee STE eee 


SOTA ee Ptopt rer Bereta UE ye agahe ia¥ price Bs oy Ay 7 
gnerdos ct 421558) svete Voss ena eriteitin’ alstqy . 


— ORE 202) fey wigec sat) aemaeet suit TKR gO Wo bes e 


Bes: > 3989 iS Rott BAe \.2 weed “ay i 
Aree ate eet mi ray g& =p (hioteonadt DLdsS60A) 4 


oft nswlsl ohibigatdl <i BierE ae ,cagae bys a a, 
ints tte (hiowisertt,, pidgaagen) 
I3ei .iv ;sgoee 


ah se : : ets 
’ re a 
Adiw beteisosah stagpe nt Lone alten ai bas 1s Auk 
asthess> ;xwR. vidcsert BAB Shi 
| JTL \te = es eke 


8l. 


82. 


83. 


84, 


85. 


86. 


87. 


88. 


Wilmore, J.H., Davis, J.A., and Norton, A.C.; An Automated System 


for Assessing Metabolic and Respiratory Function during Exercise; 


Journal of Applied Physiology, Vol. 40: 619 - 624, 1976. 


Wilmore, J.H.; Acute and Chronic Physiological Responses to 
Exercise; In Exercise in Cardiovascular Health and Disease, edited 
by E.A. Amsterdam, J.H. Wilmore, and A.N. DeMaria; New York: Yorke 
Publishers, pp. 53 - 69, 1977. 


Winer, B.J.; Statistical Principles in Experimental Design; 
Toronto: McGraw Hill Book Company, 1971. 


Workman, J.H., and Armstrong, B.; A Nomogram for Predicting Tread- 


mill Walking and Oxygen Consumption; Journal of Applied Physiology, 
Wore t92150 — 151, 1964, 


Wyndham, C.H., Strydom, N.B., Williams, C.G., and von Rahden, M.; A 
Physiological Basis for the 'Optimum' Level of Energy Expenditure; 
Nature, Vol «195: 1270; = 1212,.1962. 


Wyndham, C.H., Strydom, N.B., Van Graan, C.H., Van Rensburg, A.J., 
Rogers, G.G., Greyson, J.S., and Van der Walt, W.H.; Walk or Jog 
for Health: The Energy Costs of Walking or Running at Different 
Speeds; South African Medical Journal, Vol. 45: 50 - 53, 1971. 


Zarrugh, M.Y., Todd, F.N., and Ralston, H.J.; Optimizing of Mmergy 
Expenditure during Level Walking; European Journal of Applied 


Physiology, Vol. 53: 293 - 306, 1974. 


Zarrugh, M.Y., and Radcliffe, C.W.; Predicting Metabolic Cost of 


Level Walking; European Journal of Applied Physiology, Vol. 


21512257. 1978s 


102 


5 


j = Ps ih 


mapeye Dodamocud A <-D.A , hota tam 4yiole ee 
(S64 Of eat mas ors sores eee tas cso 


ara} $c; - Ufo <8 mr Bi: 


we db I 


oo loray@t Enos: /Ene, beet cco ae 
bat; fe j . 
Lt ad eo 
ed rach Sooe 11h afmeey 
@ 
WEST | ehin oros zs TPR A gael pot saeah Br vellsGrgt 


WYRotosevi|s | Ded. aces Lermniagt THOR gue ‘Copyed ne 't é 
ebeeL fei = pet" ef fo 
. : J AP =. bf) x. a : 
a geet 
“4M .neptiet. ov fie . Sn vem . ae moby s2.- a HD 
Aussies yaoera 3 fava) ‘eel 96" oly 2 elteag i 
us suse <-otet phere 
“yt (ake, 
leh DUNST EV | HD parser RCOAIE oe i 
OO wo-ndee? +498) ce Gelt, Shale ratte one anoanel aot as 
swsstte 1s VA 20.2 
ATRL 42 ~ Ue) Mb Sab 


APPENDIX A 


CONSENT TO UNDERGO TESTING 


I hereby agree 


to volunteer in a study to determine my optimal speeds of walking and 
running and the onset of metabolic acidosis via respiratory gas 
analysis during a progressive intensity exercise test. 

I understand that I will: 

a) Walk and run for a period of six minutes at a speed that 
I find most comfortable. 

b) Undergo the test to determine my body fat by the densito— 
metry method. 

c) Perform a maximal oxygen uptake test. 

I understand that with any type of exercise there are potential 
Tisks anda at "any time’ during the’ @test™ *1i-"1* experience “suntsual 
discomfort I will ask to discontinue the test. 

In agreeing to such an examination, I waive any legal recourse 


against the University of Alberta from any and all claims resulting 


from this fitness test. 


Date: Subject: 


(Signature ) 


Witness: 
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APPENDIX B 


INSTRUCTIONS TO SUBJECTS FOR TESTING SESSIONS 


This study is conducted to determined the relationship between the 
most comfortable speeds of walking and running and the onset of 
metabolic acidosis, which is the point at which lactate begins to 
accumulate in the muscles and blood, which ultimately leads to fatigue. 
The greater the delay in one's onset of metabolic acidosis with 
progressive intensity exercise the greater the cardiorespiratory endur- 
ance capacity, or in simpler terms, heart and lung fitness. 

It is hypothesized that when an individual exceeds his or her 
optimal speeds of locomotion, whether walking or running, the body is 
no longer capable of producing energy largely through aerobic means and 
is forced to a greater degree to utilize anaerobic means to maintain 
the energy yield. Should this prove to be the case then the optimal 
endurance training stimulus for the normal individual or athlete should 
be at or near the optimal speed of locomotion for that individual. 

In order to increase the reliability of the metabolic measurements 
that will be determined in sessions 2 and 3, it is necessary that the 
following precautions by undertaken by you: 

1) Avoid ingesting any foods or nutrients for at least 2 hours 

prior to your scheduled testing time. 

2) Avoid vigorous physical activity for at least 2 hours prior to 

your scheduled testing time. 

3) For each of the 3 testing sessions come dressed in shorts, top 


and running shoes. For the 2nd session a bathing suit and 


towel are also necessary. 
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NAME: 


OCCUPATION : 


Height (in bare feet): 


Weight (with gym strip): 


Training Habits: 


APPENDIX C 


INFORMATION SHEET 


Age: Yrs. 


kgs. 
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Months 


DETERMINATION OF BODY FAT BY THE UNDERWATER WEIGHING METHOD 


NAME: Sex: Number: 
Measurements: 
(1) Weight in air = 
(2) Vital Capacity (V.C.) = litres" x -61.02"= Gusins:. 
(3) Residual Volume = 25% or 303 V.C. = CUs. 1nS. 
(4) Volume of Gastrointestinal tract (V.G.I.) = 7.01 cu. ins. 
(5) Weight in water = Chart reading x Belt weight - belt weight 
715 

= lbs. 

Calculations: 


(6) 


n7) 


(8) 


(9) 
(10) 


(12) 


(73) 


Total body air (T.B.A.) = V.C. + R.Ve + V.G.Lsy (from above 2,3,4) 
= X 0362 = lbs. 
True weight in water = weight in water (5) + total body air (6) 
= lbs. 


Body volume = weight in air (1) - true weight in water (7) 


Body density = weight in air (1) x density of water at C. 
Percent Fat = 4.570 - 4.142 xaL00 
Body density (a) 
= 2 


[o) 


Pounds fat = percent fat (10) x Wt. in air (1) 


= lbs. 
Fat free weight = weight in air (1) > pounds fat (11) 
= lbs. 
Fat free weight in kilograms= kgs 
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CHARACTERISTICS OF THE OPTIMAL WALK 


Name : Number: 
Age (months): Mass* : lbs. 


Activity: Walking 
Optimal Speed: Kmh or m/min 


Treadmill Setting (% rpm): 


6 Minute Submaximal Walk 


=, 
2 

50 
180 
210 
240 
270 
300 
330 
360 


Time (Secs) 


I 
Steady State 


* With running shoes 
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kgs. 


na 


~. 


CHARACTERISTICS OF THE OPTIMAL RUN 


Name: Number: 
Age (months): Mass* : Ibs. 


Activity: Running 


Optimal Speed: Kmh or m/min 


Treadmill Setting (% rpm): 


6 Minute Submaximal Run 


Time (Secs) Heart Rate 


30 
120 
1150 
180 
210 
240 
270 
300 
330 
360 


Steady State 


* With running shoes 
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MAXIMAL OXYGEN UPTAKE ON TREADMILL TEST 


Name: 


Mass: kgs. 


Max. 09 consumption: 
Treadmill speed (% max rpm): 
Treadmill Speed: Kmh or 


Heart Rate: 


Onset of Metabolic Acidosis: 
Treadmill speed (% max rpm): 
Treadmill speed: Kmh or 


Heart Rate: 


Percentage of Maximal Oj Consumption at Onset of Metabolic Acidosis: 


Number: 
Age (yrs): 


(ml /kg/min) 
grade: 


m/min 


(m1 /kg/min) 


m/min 
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APPENDIX D 


DETERMINATION OF POWER OUTPUT AT MAX Vo> 


Vertical Distance = Sine of angles x Distance along incline 


(Sine 6) x (B) 


Sine 9 = 0.0349 
Speed = 121.7 metres/minute 
*Time = 1.0 minute 


Subject weight = 75.0 kgs. 


w 
i} 


(120, gam/min) (1.0) 121.7 metres 


~ 
i} 


(121. 7m) (0.0349) = 4,24733 metres 


Power Output = Weight (kgs) x Distance (metres) = kg/metres/min 


Time (minutes) 


75.0 x 4.24733 = 318.550 kg/metres/min 
5.0 


* Power Output was determined for a time period of 1.0 minutes for all 


subjects 
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APPENDIX E 


STATISTICAL TREATMENT OF DATA 
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Significant Differences Between Groups Using Scheffe Test For the 


Br Fit 
Males 1/4268 
fo: Fit 
Males 160.87 
Hi Fit 
Females 152.46 


Lo Fit 
Females 138.20 


Table 7 


Optimal Speed of Running 
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Table 9 
Significant Differences Between Groups Using Scheffe Test For the 


Treadmill Speed at the Onset of Metabolic Acidosis 


Hi Fit LOvELe Hiwere Lo Fit 
Males Males Females Females 
164.59 124 sh 143.66 6:6) 3. 
Hi Fit 
Males 164.59 0 29.00* del 41 28% 
ro rit 
Males 14.12 0 6.76 1.08 
Hi Fit 
Females 143.66 0 3 5 
Weise Sala 
Females 116.31 0 


nn eee Udy ny USSU nS RN RS RSS eed 


‘po <0.05 


ott 2o% teat otiseae> «pe See 


oe oo) at a — 
i 4 j 7 
A SCOESK stimete: 36 eenh etek 
nS Oo are % : 


* 
ae | 
a 


116 


Table 10 


Significant Differences Within Groups Using Scheffe Test for the 
Difference Between the Optimal Speed of Walking and the Onset of 


Metabolic Acidosis 


ONSET OF METABOLIC ACIDOSIS 


Hi Fit Wow cil Hi Fit fo PLe 
Males Males Females Females 
164.59 124.12 143.66 116.32 
Hi Fit 
OPTIMAL Males 90.01 147.34* 
SPEED 
WALKING fol eit 
Males 37 47 35.587 
Hi Fit 
Females 82.25 99. 90* 
LO Bt 
Females 79.21 36. 46* 
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Table ll 


cy 


Significant Differences Within Groups Using Scheffe Test for the 


Difference Between the Optimal Speed of Running and the Onset of 


Metabolic Acidosis 


Hi Fit 
OPTIMAL Males 174.61 
SPEED 
WALKING lo Fit 


Males 160.87 
Hi Fit 
Females 152.46 


Lo Fit 
Females 138.66 


ONSET OF METABOLIC ACIDOSIS 


Hi Fit 
Males 
164.59 


0.24 


lo Fit 
Males 
124,12 


3e20% 


Hi Fit LOeELte 
Females Females 
143.66 Phos32 

0.19 
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Table 14 


Significant Differences Between Groups Using Scheffe Test For the 


Relative Oxygen Consumption at the Optimal Speed of Running 


He Pit LO Pare His FLC LoePit 
Males Males Females Females 
33.40 30.63 29.65 27 ek 
Hi Fit 
Males eo 040 0 DeLee 5.89 We eee Res 
Lor rit 
Males 30.63 0 0.40 Cari 
Hi Fit 
Females 29.65 0 Le5e6 
oO, Fit 
0 


Females 27.71 


fo- 0.05 
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Table 16 


Significant Differences Between Groups Using Scheffe Test For the 


Relative Oxygen Consumption at the Onset of Metabolic Acidosis 


Hi Fit Lo’ Fit Hi Fit LORE it 
Males Males Females Females 
30.40 YOo51 Dhek6 20.20 
Hi Fit 
Males 30.40 0 B52007 aoe 46. 80* 
te Fit 
Males £9.51 0 26035" Os21 
Hi Fit 
Females 27.16 0 21.79 
moO Fit 
Females 20.20 0 


cee Le 


Bo = 0.05 


122 


- : Deel SZ APTS & 
za ; mies” ox - et 
sesh cok Sliodassn ; » BeeAO- Sas 33 10T SOE. Bee 
~~ LAT OTS ——at — 5 


ols ee 


uF dens i. sie Lene , olen 20LEM 
cA ets Bei Ob. 
rv - | ea fon 
AS ss ee Wee Cr p o U Ob Of 
; J 4 


; 
_ 


A ET TTT 


; Se 
; \ a) 
) Ha 
as ae 
, , 
' 
i 
iG 


i} 
a 4 - . 
; i , ‘4 a. A ; 
7 - = = : - 
: ~ a 


123 


Table 17 


Significant Differences Within Groups Using Scheffe Test for the 


Difference Between the Relative Oxygen Consumption at the Optimal 


Speed of Walking and at the Onset of Metabolic Acidosis 


ONSET OF METABOLIC ACIDOSIS 


Hi Fit Lo’ Fit Ha Pe LO” FL 
Males _ Males Females Females 
30.40 19e5h 27 #46 20.20 
Hi Fit 
OPTIMAL Males 14.49 135448" 
SPEED 
WALKING LO Fre 
Males 14.28 14.63 
Has. Pit . 
Females 12.98 10 F658 
To PLE ? 
Females 13.23 25.99 
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Table 18 


Significant Differences Within Groups Using Scheffe Test for the 


Difference Between the Relative Oxygen Consumption at the Optimal 
Speed of Running and at the Onset of Metabolic Acidosis 


ONSET OF METABOLIC ACIDOSIS 


Hi Fit Io Fit HiPFit To Fit 
Males Males Females Females 
30. 40 19652 27216 20.20 
Hi Fit 
OPTIMAL Males 33.40 3691 
SPEED 
WALKING [oF 
Males 30.63 53..66* 
Hid PLE 
Females 29.65 2.69 
Lo} Fit : 
Females 27.71 24.48 
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Table 20 


Significant Differences Between Groups Using Scheffe Test For the 


Differences Between the Optimal Speed of Walking and Onset of 


Metabolic Acidosis 


Hi Fit Lo Fit Hi Fit 
Males Males Females 
Tera 30 105.80 112.96 
Hi Fit 
Males ET ee C10 0 8.15* 3.63" 
io. bat 
Males 105.80 0 = 90 
Hi Fit 
Females 112.96 0 
TO Pit 


Females 98.13 
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7O2< 0.05 


Lo Fit 
Females 
98.13 
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Table 22 
Significant Differences Between Groups Using Scheffe Test For the 
Differences Between the Optimal Speed of Running and Onset of 


Metabolic Acidosis 


Hi Fit Loreeit Hi Fit Wer uke 
Males Males Females Females 
169.60 ¥42..50 148.06 1 Pee: 
Hi Fit 
Males 169.60 0 Beco Beds 19.88* 
Lo Fit 
Males 142.50 0 0535 2e50 
Hi Fit 7 
Females 148.06 0 4.71 
[oO UFLt 
Females 127.63 0 
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Table 24 
Significant Differences Between Groups Using Scheffe Test For the 


Difference Between the Relative Oxygen Consumption at Optimal Walk Speed 
and the Onset of Metabolic Acidosis 


Hieit Lo Bit Hi Fit Oc Est 
Males Males Females Females 
CA hs) 16.90 20.07 TOs72 
Hi Fit 
Males a Nee SS 0 6. 71* 0.80 To22* 
fou FLt 
Males 16.90 0 2.08% 0.002 
Hi Fit ; 
Females 20.07 0 Beck 
bo rit 
Females 16.72 0 
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Table 26 


Significant Differences Between Groups Using Scheffe Test For the 
Difference Between the Relative Oxygen Consumption at Optimal Run Speed 


and the Onset of Metabolic Acidosis 


Hi Fit Lo Fit Hi Fit LoOveETte 
Males Males Females Females 
31.90 25.07 28.41 23.96 
Hi Fit 
Males 31.90 0 i507" SS bs 13.22" 
Lo Fit 
Males 25.07 0 Brees 0.36 
Hi Fit is 
Females 28.41 0 See 
Oy ELE 
Females 23.96 0 
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